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THE MECHANISM OF THE \IC10US CIRCLE IN CHRONIC 

HYPERTENSION * 

B\ Tf B BYROM and L I" DODSON 
(from St Vincents Hospital, Sydney, Next South I Tales ) 

In the course of work curtailed In the outbreak of war, Wilson and Byrom 
(15, 10), found that m the rat, permanent hypertension could be caused 
by applying a simplified Goldblatt clamp to the artery of one kidney (the 
ischccnnc kidney), that the hypertension was commonly followed by the 
appearance in the opposite (or intact) kidney of destructive vascular lesions, 
and that when this destruction had become sufficiently extensile, the 
hypertension could no longer be abolished by excising the lschremic kidney 
M llson and Byrom concluded that a vicious circle had been set m train and 
drew far-reachmg inferences from tins conclusion 

The validity of the conception of the vicious circle rests on two 
deductions from the experimental results , firstly, that the damage in the 
intact kidney was caused by the original hypertension , and, secondly, 
that the residual hypotension was maintained by tins damage We have 
already renewed the first deduction in the light of subsequent endence 
(3), and our present object is to submit further data bearing on the second 
Wilson and Byrom demonstrated a correlation between the extent 
of the damage in the intact kidney and the occurrence of residual 
hvpertension but recognised that this did not constitute proof that 
the two were cause and effect, and they admitted that an un- 
known factor, independent of the kidney, might have intruded 
to perpetuate the hypotension The possibility of such an intrusion 
has long been suspected for reasons which will now be outlined 
In the first place, it has been widely believed in the past that the generalised 
increase in arteriolar tone which is the essential abnormality in hypertension 
leads in time to an irre\ ersible structural narrowing of the arterioles This 
belief is probably erroneous, because although individual arteries may become 
narrowed by atheroma, the arteriolar tone in general can be relaxed by 
aasodilalor mechanisms m the hypertensive as in the normal subject 
(S 12) Apart from this possibility there is a growing suspicion that the 
humoral (renin) mechanism which initiates experimental renal hypertension 
is later superseded by a different mechanism, possibly neurogenic in 

* Communicated to the Royal Australasian College of Phvsicians Sept., 1 0-47 The 
expenses of tins research have been defrayed b% grant b from the National Health and Me dicn I 
Research Council 
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aiactei Tins suspicion is supported by the following evidence The 
urn content of the rabbit’s kidney is increased m recent hypertension, 
it not in chronic experiments (10) , moreover the response to injected 
nm also increases as hypertension persists (0) Experimental hypertension 
not reduced when the sensitivity to renm has been abohshed by massive 
jections (14) In the rat, Reed, Sapirstem, Southard and Ogden (13), 
port that chronic, but not acute, hypertension is abohshed by nembutal 
sesthesia and by the alkaloid yohimbine They infer that a neurogenic 
echanism replaces the renm-hypertensm system m chronic hypertension 
ore direct evidence has been described by Picketing (9), working on rabbitB 
:th hypertension deriving from a solitary lscluemie kidney He found that 
ute hypertension (up to eight days), was piomptly relieved by nephrectomy, 
it that m chionic hypertension (7 to 15 -weeks), the High pressure persisted 
ter nephrectomy until the animal died m uraemia, three days later 
ckenng concludes that m chronic expenmental hypertension, “ a nev 
m-renal factor plays an important and perhaps the chief role in maintaining 
e raised pressure ” 

Apart from this last experiment, which remains unexplained, the above 
idence suggests that in some way the mechanism of renal hypertension 
langes with time To provide an alternative explanation of persistent 
rpertension, however it is necessaiy to go furthei and to show that the new 
echanism is no longer dependent on the persistence of renal ischaemia 
hlson and Byrom (unpublished experiments), attempted to study the 
lestion in their rats, but the presence of two kidneys, the one ischaemic 
id usually atrophied, the other affected to an uncertain extent by secondary 
/pertensive damage, provided serious obstacles In animals other than 
ie rat, restriction of the blood supply to one of two ludneys usually oauses 
lly transient hypertension and the question of persistent hypertension 
ies not, therefore, arise, but m one of Goldblatt’s dogs (7) which was 
eated in tins way chronic hypertension followed and was abohshed, ten 
onths later, by excising the lscluenuc kidney 

In approaching the pioblem we have followed a slightly different path 
' an independent extra-renal factor intrudes in the hypertensive rat with 
ie lsohaemic and one mtaot kidney, it is reasonable to expect a similar 
trusion m an animal vith chronic hypertension caused by constricting one 
inal artery after excismg the opposite kidney In such experiments it is 
morally agreed that the clamp on the renal artery protects the kidney 
om hypertensive damage and the problem could be examined, and perhaps 
icisively answered, by simply removing the clamp from the aitery after 
ypertension had persisted for an adequate period If this procedure 
igularly abohshed the hypertension an independent extra-renal mechamsm 
mid be excluded Persistence of the hypertension, on the other hand, 
ould be less easy to interpret, because it would be difficult to exclude 
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narrowing of the rennl artcri due to peri-arterial fibrosis at 1 lie site 
of the clamp and also permanent iseli rime damage in the kidnci itself 
Perhaps for these reason*' or because of technical difficulties tins simple 
experiment seems to haie been neglected for the onl\ reports which no hn\e 
been able to trace relate to compnrnli\cl\ ncute experiments m the dog 
(1 4 (» 7) 

In a few prehminnn experiments we haie exnnnmd ihe question in 
the rabbit and haie found that h\pcrtcn*non of from (i to s weeks duration 
is abolished l>\ remm mg the clamp the blood pressure returning to normal 
within 24 hours Most of our data however hns been denied from the rat 

Ua pcnmcnlal Methcnh 

The animals used m these cxpeiimcnts were voting adult albino rats 
of both sexes weighing from 120 to 270 grammes 'ihe right kidncj was 
excised mid two weeks later a clip made from annealed sdier tape 1 7 mm 
broad by 0 14 mm thick with a gap of 0 23 mm was placed on the left 
tonal arten under ether anaesthesia The sistohe blood pressure was 
measured on the tail In an oscilloscopic technique (2), using ether nnuibthcsin 
the anaesthetising box being warmed to 3S° C’ Measurements were taken 
on at least two occasions before the clip was applied and thereafter at wcekli 
intcrials After a suitable period varying from 44 to 32 weeks the clip 
was rcmoied from the arten The blood pressure was measured frequentli 
dunng the next few dn^s and then weekly for at least four weeks The 
animal was then killed the carcase and heart were weighed and sections 
were taken from the kidnci pancreas heart and occasionnlh from other 
organs, for histological stuelv 


R esults 

The cfjccl of clamping the renal arlcrg 
Clips were applied in S4 rats, of which 14 died within scien dajs, 
piesumabh from renal failure Of the survnors scien failed to deielop 
hi pcrtcnsion within four weeks and were discarded 'Ihe remaining 03 
dci eloped sustained hypertension The hypertension inned in degree 
but was in general more marked and less intermittent than that observed 
in rats intli a second kidnei and tended to increase as tune went on As 
was expected, the incidence of complications was also much higher These 
complications resembled the “xascular crises” observed l>i Wihon and 
BiToni and others, and were usually preceded bi an upward trend in the 
pressure curie Two main tipos, cardiac and cerebral were found The 
former was accompanied by weakness, thirst and poliuria, collapse, pallor, 
dispncea tachycardia and a low blood pressure, derth occurring in from 
2 to 4S hours Cardiac infarcts, associated wnth necrotic lesions of the 
coronary arteries, were usually found post modern 
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Ihe cerebral type of crisis Mas accompanied by severe tome and clonic, 
generalised or local convulsions, and post-mortem examination sometimes 
revealed either a gross cerebral haemorrhage or lecent vascular necroses 
Other comphcations included arterial luemorrhage into the eye, the bladder, 
the scrotum, the intestine and the peritoneum, all attubutable to arterial 
necrosis The mortality from these comphcations was very high and 
27 rats died before the clamp could be lemoved These formed a useful 
gi’oup for comparing the pathological changes until those described 
subsequently In all except four rats neciotismg arteritis vas found m the 
heart, pancreas, or brain The heart v as invariably hypertrophied The 
kidney was examined in 21 rats It invaiiably appeared normal to the 
naked eye and in 16 kidneys no micioscopical abnormality was detected 
Seven kidneys, however, shoved mmol changes, of which tv o varieties 
were noticed The first consisted of narrov radial strands of simple atrophy, 
apparently ischaemic m nature The second consisted of small collections 
of plasma cells, eosinophils and lymphocytes m the adventitia of large and 
small vessels, possibly a lou grade inflammatory reaction spreading lmvards 
from the clip Both lesions vere usually inconspicuous Arterial necrosis 
was absent except m one kidne}', v Inch displayed a single recent arteriolar 
necrosis The substantially normal appearance of the ladney confirms 
earlier reports on other species and contrasts sharply until the atrophy of 
the ischiemic kidney which is usually found m rats with a second intact 



Fig 1 Systolic blood pressure readings from 34 rats with chronic hypertension produced by 
removing one kidney and constricting the artery to the other Showing tho effect of 
releasing the oonstnction 


kidney It is evident that when the whole renal territory is threatened with 
ischaemia, and providing tins is not seveie enough to cause acute renal 
insufficiency, a much more vigorous attempt is made to meet the challenge 
by raising the blood pressure, regardless of the disastrous consequences to 
other organs, such as the heart and brain 
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The above complications considerably reduced the experimental material 
and left only 34 rats available for removal of the chp Twenty-three of 
these had symptoms of vascular crises at the time of this operation and 
would probably have died had the chp not been removed The upward 
trend in the blood pressure readings for the 34 rats is well shown m Fig 1 

The effect of i amoving the damp 

Blood pressure With the exception of rat 19 BC, which will be 
separately considered, removal of the chp promptly and permanently 
abolished the hypertension, the blood pressure returning to the normal range 
within 24 hours The full residts are collected in Table I and illustrated 
m Fig 1 

TABLE I 

Systolic blood pressures before during and after constriction of the artery to a solitary kidney in 

the rat 


SyBtohc blood pressure (mm Hg ) 


Bat No 

Before 

applying 

clip 

After applying clip 

After removing clip 

No of 
weoklj 
readings 

Bange 

Mean 


Bange 

Mean 

11 LC 


18 

135-210 

172 

10 

76-138 

112 

14 BC 

136 

11 

132-230 

180 

10 

110-146 

125 

1C BO 

126, 120 

11 

100-220 

170 

5 

110-120 

115 

16 LS 

125, 130 

7 

125-216 

158 

11 

120- 90 

no 

16 BC 

133, 122 

7 

80-195 

130 

0 

90-117 

106 

18 BC 

122, 120 

6 

110-200 

149 

5 

105-145 

118 

10 BO 

112, 110 

12 

135-235 

193 

19 

115-130 

120 

19 BC 

106, 120 

12 

125-235 

ISO 

0 

70-124 

i 105 

19 BC 

114, 130 

19 

120-175 

157 

10 

135-163 

144 

19 BS 

112, 125 

17 

[ 120-155 

138 

12 

105-135 

1 120 

20 BO 

06 90 

20 

! 115-235 

172 

S 

110-128 

121 

20 BS 

105 122 

5 

1 120-176 

150 

18 

75-118 

101 

21 BO 

125 120 

8 

120-215 

103 

10 

105-136 

124 

21 LC 

05 118 

8 

128-215 

174 

15 

90-135 

109 

21 BC 

102, 116 

1 / 

135-205 

175 

13 

105-100 

118 

21 BS 

100, 110 

4 

170-200 

199 

15 

112-175 

127 

22 BO 

110 105 

6 

148-245 

193 

10 

120-140 

127 

22 BC 

100, 105 

13 

118-250 

182 

7 

115-160 

131 

22 LS 

95, no 

30 

125-210 

154 

5 

100-135 

no 

23 BO 

127, 116 

11 

172-255 

206 

7 

136-110 

120 

23 BC 

118, 122 

10 

135-240 

172 

7 

112-140 

123 

23 BC 

106, 125 

13 

150-225 

190 

7 

115-130 

123 

24 BC 

110, 112 

15 1 

135-245 

194 

7 

130- 95 

118 

24 BO 

108 — 

9 

152-240 

200 , 

9 

105-125 

117 

20 BC 

122, 112 

32 

120-205 

151 

5 

105-140 

127 

20 LC 

135, 102 

20 

135-195 

105 

6 

122- 85 

105 

20 BC 

117, 116 

32 

115-165 

135 

5 

105-120 

no 

20 BS 

105, 102 

12 

116-225 

163 | 

8 J 

80-130 

115 

27 BO 

108, no 

18 

135-170 

154 

0 

70-108 

94 

27 BC 

104 98 

13 

130-220 

173 

7 I 

103-13S 

121 

27 LS 

112, 135 

13 

140-200 

100 

7 

107-130 

122 

28 LC 

115, no 

9 

100-205 

100 1 

8 

122-135 

129 

29 BC 

102, 135 

20 

125-240 

188 ' 

8 

126-145 

130 

29 BS 

105, 100 

13 

140-100 

160 

6 

98-135 

115 
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Pig 2, compiled from the data of Wilson and Byrom, shows the 
comparatively frequent occurrence of residual hypertension m the presence 
of a second kidney In Table II the pooled post-operative pressure readings 
from all the 34 rats of the present series have been compared with the pooled 
readings obtained after excising one kidney, but before constricting the 


260 

i 

e 220 

tu 200 
cc 

£ 160 

tu 

tr 

160 
140 

u 120 

§ IO ° 
& 80 


40 35 30 26 20 15 IO 5 O 5 IO 15 

BEFORE NEPHRECTOMY WEEKS AFTER NEPHRECTOMY 

Fig 2 Systolic blood pressure readings from 29 rats with chronio hypertension produced by 
constricting the artery to ono of two kidneys Showing the effect of excising the lschtemic 
kidney (or, in 4 instances, releasing the constriction) For comparison with Fig 1 (from 
the data of Wilson and Byrom, 1941) 

artery to the remaining kidney The mean difference of 3 mm Hg is 
negligible Fig 1, however, reveals several readings which are well above 
the upper normal limit These readings were isolated values, obtained on 
different rats, winch could not be confirmed on the same or following days 
They were probably due to light anaesthesia, or to over-warmmg of the rat 

TABLE n 


Systolic blood pressure readings (*) after excising one kidney, but before constricting the artery to the 
remaining kidney m the rat, and, (u) after releasing the constriction 


Systolic blood pressure 

(i) 

Before applying chp 

(n) 

After removing chp 

Number of readings 

80 

358 

Number of rats 

80 

i 

34 

Range (mm Hg ) 

95-135 

70-175 

Mean (mm Hg ) 

114 8 

117 8 

Standard deviation 

10 71 

10 14 
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Closer examination of Table I also shows several instances m which the post- 
operative readings were consistently lugher by from 10 to 20 mm Hg than 
the normal mean value We suspect that minor degrees of injury to the 
renal artery were responsible for these small rises If they are ascribed, 
alternatively, to an extra-renal agent, it is obvious that this agent is too feeble 
and too inconstant to be of either physiological or pathological moment 

Symptoms Parallel with the fall of blood pressure there occurred a 
dramatic rehef of symptoms in those rats from whioh the chp was removed 
during a vascular crisis As a rule the rat had recovered completely by the 
following morning and this seems significant, because the repair of arterial 
necrosis is a laborious process measured, not in hours, but m days or weeks 
(Byroin and Dodson, in press) It is evident that the cerebral and cardiac 
symptoms m experimental and, by inference, in human hypertension are 
due, not directly to arterial necrosis, but to some more readily reversible 
mechanism 

Residual symptoms n ere observed m three rats One displayed a 
permanent hemiplegia and a second violent but bnef epileptio convulsions 
brought on by excitement In both rats large healed hemorrhages were 
found in the brain after death The third rat had a persistent regular 
tachycardia, possibly related to scarred cardiac infarcts which were found 
post mortem 

Post-mortem findings The post-mortem findings were m keepmg with 
the ante-mortem observations No evidence of progressive vasoular necrosis 
was found, but healed or healing lesions Mere found m the heart and/or the 
pancreas m 24 of the 34 rats The kidney appeared normal to the naked 
eye, apart from inconstant operative adhesions No microscopic lesions 
were found m 13 rats and in the remaining 21 the only abnormalities observed 
were focal changes similar to those described m rats dying before removal of 
the chp Finally the heart weight, expressed aB a percentage of the body 
veight was measured and the results were compared with data obtained 
from rats dying before removal of the chp and from normal young adult rats 
The data are collected in Fig 3 Considerable cardiac hypertrophy evidently 
occurred in the hypertensive phase and receded after removal of the chp 
A few of the post-operative figures are, however, distinctly above the normal 
range Possibly the few weeks interval which usually elapsed after the 
second operation vas too short to permit complete involution of the 
hypertrophied cardiac muscle in these animals The only exception to the 
above findings was rat No 19 BC (Fig 1 , Table I) in which removal of the 
chp failed to reheve the hypertension At post-mortem examination the 
kidney seemed rather small and on microscopical examination was seen to be 
enveloped m a layer of hyahne fibrous tissue containing vegetable fibres and 
foreign-body giant cells In operating on the rat’s kidney, it is our practice 
to wrap the kidney m a fiat layer of cotton wool soaked in warm saline 
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In tins experiment some cotton wool was evidently left adherent to the 
'kidney where it set up a low-grade perinephritis Artificially induced 
perinephritis is well known to cause experimental hypertension, and this 
would obviously not be relieved by removing the arterial chp This probably 
accounts for the residual hypertension m an isolated instance 


X 

o 


O 8 

5 

§07 

8 ° 6 

6 O 5 

O' 

§04 
fc 03 


NORMAL 

RATS 


f 


CLIP ON 


CLIP OFF 


£ 


Fig 3 Showing tho effect on the cardiac hypertrophy of remonng the clamp from the artery 
to a solitary kidney in tho rat with chronic hyportension 


Discussion 


The above observations show clearly that within the time limits of the 
experiment, chronic ronal hypertension m the rat with a solitary kidney, 
and the Bymptoms and lesions attributable to such hypertension, aTe directly 
dependent on and co-ternunous with the renal ischaemia Tins result contrasts 
sharply with the earlier observation that m rats with a second ludney excision 
of the ischamuc ludney often fails to abolish the hypertension, or to arrest the 
progress of arterial disease The contrast cannot be related to the different 
means used to remove the primary cause of the hypertension m the tvo 
senes, namely nephrectomy m the first series and removal of the chp m the 
present experiments For m four animals m the former series, Wilson and 
Byrom removed the chp, leaving the isckamnc kidney in situ, and in all four 
animals residual hypertension occurred and was, incidentally, followed y 
the appearance in this kidney of acute hypertensive vascular lesions 


Since the present results show that no extra-renal mechanism intrudes 
m chronic renal hypertension m the rat, it follows that the residual 
hypertension observed by Wilson and Byrom must have derived from the 
damaged remaining kidney Smce, as we have shown elsewhere (3), the 
evidence strongly indicates that hypertension is responsible for tins damage, 
the conception of the vicious circle acquires further experimental support 
It has long been recognised that widespread renal damage of almost anj 
land can cause secondary hypertension Goldblatt’s experiments prodded 
a common mechanism for this secondary hypertension , the concept of the 
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vicious circle in hypertensive renal disease is a logical corollary of the 
subsequent production of renal damage hy experimentally induced 
hypertension 


Clinical implications 

Ellis (6) and Wilson and Byrom (16), have fully considered the bearing 
of the experimental findings on the natural lustory and classification of 
hypertensive disease and nephritis In tins discussion we shall restrict 
our remarks to the question of prognosis Pending discovery of the cause 
of essential hypertension, or of empirical means of correcting this cause, the 
most important practical problem is to define the circumstances m which 
hypertension becomes irreversible and therefore incurable From a con- 
siderable body of evidence, both clinical and experimental it is now possible 
to extract a tentative generahsation, namely that hypertension ■ is an irreversible 
condition only in so far as it may derive from, or has itself caused extensive 
irreparable damage involving both kidneys 

Adopting this criterion the common hypertensive diseases of man may 
be divided for consideration into four groups 

1 Renal hypertension arising from bilateial primary disease of the 
kidney must he regarded as incurable, but the course may be very chronic 
and may be favourably influenced by treatment of urinary obstruction or 
infection 

2 In hypertension caused by unilateral renal disease removal of the 
affected kidney may be expected to cure the hypertension provided that 
significant secondary hypertensive damage has not ensued m the opposite 
kidney In the rat, the vicious circle, although common, is by no means an 
invariable sequel of chronic unilateral renal hypertension It is, however, 
important to remember that essential hypertension and unilateral renal 
disease may arise independently m the same patient Platt (11) suggests 
that this may be suspected when there is a family history of hypertension 
and that in these ciroumstances nephrectomy may be contra-indicated 

3 Malignant essential hypertension is such a serious disease that the 
prospect of cure would seem hopeless but for two facts Firstly, renal 
damage is inconspicuous m the early stages of the disease and, secondly, 
in the experimental animal, we have seen that m the absence of renal damage 
the removal of the source of the raised pressure is followed by dramatic 
disappearance of the symptoms, signs and vascular lesions There are good 
grounds, therefore, for expecting that early correction of the as yet unknown 
primary abnormality would be curatne 

4 Benign essential hypertension In the great majority of these cases 
the vasoular and parenchymatous changes m the kidney are quite different 
from those of malignant hypertension and suggest a very gradual 
degenerative process quite distinct from the succession of minute vascular 
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“ explosions ” of the latter disease In the hypertensive rat with one ischaemic 
and one intact kidney, the disea'se often runs a benign course, which can he 
arrested after many months by excising the ischaemic kidney , but m such 
animals the intact kidney does not present the picture of benign hyper- 
tension It is possible that the lesions of this disease develop too slowly to 
appear in the short life span of the rat For this reason no direct light can 
be thrown on the vital question of whether the damaged kidney of ohromc 
benign hypertension is able to perpetuate the raised pressure The slow 
tempo of the process, the rarity of a late “ malignant 55 transformation, and 
the fact that the renal changes found m chronic benign hypertension are 
commonly found, unaccompanied by high blood pressure, m extreme old 
age suggest that the term “benign ” is veil chosen 


Summary 

1 An explanation has been sought for the fact that m the rat, chronic 
hypertension caused by constriction of one renal artery, the opposite kidney 
bemg left intact, often peisists indefinitely after removal of the iscluemic 
kidney or release of the arterial constriction (10) 

2 It is shown that m the rat with a solitary kidney, the chronic 
hypertension induced by constricting the renal artery is regularly abolished 
by releasing the constriction 

3 The failure to find evidence of an independent extra-renal pressor 
mechanism is interpreted as supporting the conclusion that the residual 
hypertension observed in the rat with a second kidney is maintained by 
damage inflicted on that kidney by the original hypertension 

4 It is suggested that human hypertensive disease should be con- 
sidered potentially reversible except where it derives from, or has itself caused 
extensive bilateral disoigamsation of the kidneys 
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THE CIRCULATORY EFFECTS OF MERCURIAL DIURETICS 
IN CONGESTIVE HEART FAILURE 

By L G C PUGH and C L WYNDHAM 
( From the Department of Medicine, Postgraduate Medical School of London) 

The value of organic mercurial preparations in the tieatment of congestive 
heart failure is well established, clinical improvement being accompanied 
by diuresis, loss of body weight, and leduotion of cedema The diuresis is 
asenhed to the direct action of the drugs on the lndney, whereby re-absorption 
of water and NaCl in the distal convoluted tubules is diminished (9) 
Whereas the diuretic effect of these compounds seems to be satisfactorily 
explained, their action on the cardiovascular system in congestive heart, 
failure has not yet been fully studied Crawford (1) even suggests that 
there is no circulatory effect The observations reported in this paper w ere 
made m order to follow hourly the effect of the mercurial compounds on right 
auricular pressure (RAP), cardiac output (C 0 ), heart rate (H R ), blood 
pressure (BP), and urine output 

Cluneal Material and Methods 

Satisfactory studies were earned out on eleven patients suffering from 
ischaemic, hypertensive, or rheumatic heart disease The cases were 
observed over a period of 6-22 hours Nine cases were m a severe state of 
failure with orthopncea, gross cedema, and grossly raised venous pressure 
Cases 11 and 13 were m a less severe state of congestion , they were 
cedematous and, although the venous pressure was not raised on oidinary 
clinical inspection of the neck veins, cardiac catheterisation revealed that 
the right auricular pressure was several cm saline above the expeoted 
value in such patients Emphysema, which was present in both, and the 
propped up position make the expected normal value of the R A P at least 
10 cm. below the sternal angle The oardiae reactions observed w ere similai 
to those in the other patients with more obvious congestive failure 

Right auricular pressure and cardiac output w r eie measured by cardiac 
catheterisation (8) Right auricular blood samples w r ere analysed by the 
Haldane (3) method Oxygen consumption w r ns measured by sprrometiy, 
and m a number of cases serial records of oxygen consumption were obtained 
during the experimental period Right aurioular pressure, cardiac output, 
heart rate, blood pressure and urrne volume were measured hourly, except 
in the first hour when G 0 and RAP were measured at 10 and 20 mm 
after injection of the mercurial compound 
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As far as possible the observations uere made with the patient m a 
constant position In only 3 instances did the patients become unduty 
restless and unable to maintain a satisfactory position When this happened 
the observations were terminated and the data discarded During the 5 to 
22 hr period of observation follou mg the injection of the mercurial compound 
the patients showed no desire for food and took but little fluid (0 to 2 cups 
of tea) Twenty-four hour urinary output was measured for 3 days before- 
hand From tins the control hourly output u as calculated 

Measurement of blood volume by the dye method proved unsatisfactory 
for the purpose of following hourly changes m the blood volume Trends 
m blood volume v ere followed in four cases by hourly estimation of the 
hsemoglobm levels, using King’s cyanhiematm method (6) 



Fig Z Effect of inject io inorsaljh, which contains 5% theophylline on cardiui output (0 O ), 
right auricular pressure (BAP) and hourly urine volume (U V ), in n case of congestive 
cardiac failure with oedema Note initial transient riso inCO and fall w K AJ? due to 
theophylline , slow rise in C O and fall in B A P accompanying diuresis After 17 hours, 
diuresis had passed off, C O had returned to initinl lot el, BAP remained down 


Meicunal compounds — The first 4 cases weie given the British 
Pharmacopoeial mercurial preparation, mjectio mersalyli The dose was 
3 o c intravenously The injectio mersalyb is a 10% aqueous solution of 
sodium mersalylate with the addition of 5% theophylline Theophylline 
stabilises the sodium mersalylate which decomposes m aqueous solution 
forming toxic substances Theophylline is stated also to increase the 
diuretic effect of merourial compounds in congestive heart failure (1, 2) It 
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has, m addition, a well marked though transient cardiovascular action (4) 
In the remaining 7 cases, mercurial compounds without the addition of 
theophylline were used Since no theophylhne-free preparations are 
available m this country, a solution of sodium mersalylate was made up by 
titration of mersalyhc aoid with NaOH, pH being adjusted to 10 - 7 6 A 
freshly prepared solution was used m three cases A smaller dose equn r alent 
to 2 o c of the B P preparation was employed m order to avoid the nsk of 
toxic effects In 4 cases, a theophylhne-free preparation of a related 
compound, *mercuramide, was employed The dose was 2 c c containing 
0 18 gms of mercuramide 

Results 

The results are summarised in Table I, and examples of typical 
observations are shown in Figs 1 and 2 These two figures illustrate the 
difference observed between the effect of theophylhne-contaming preparations 



“ Effect of mercurial diuretic without theophylline Note absence of the initial rise in 
C O and fall m It.A.P induced by theophylline containing preparations (compare Fig 1) 
slow rise in 0 0 and fall in RjV P accompanying diuresis After 11 hours diuresis had passed 
off 0 O still above initial level, RAP rising but still much below initial lovel 

and mercurial compounds without theophylline With theophylline there 
was a rapid fall m RAP and a rise in CO coming on in 10 - 20 minutes, 
and passing off within an hour, without theophylline this effect uas not 
observed This transient Iov enng of the RAP and rise m C 0 is comparable 
with that described by Howarth, McMichael, and Sharpey-Schafer (4) 

* Prepared specially by Messrs May and Baker 
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Apart from the theophylline effect, all cases showed a gradual fall m 
RAP, and, all but two, a slow rise in 0 0 Tins began approximately two 
hours after the injection of the mercurial preparation, and usually reached 
a maximum m 5 - 7 horns The highest level of G 0 coincided m time 
with the loAvest level of It A P and w r as obscived during, oi somewhat after 
the period of maximum diuresis Towards the end of the period of 
observation, as the diuresis subsided, RAP showed a tendency to rise, 
but was still considerably below the initial level when the observations were 
concluded CO on the other hand, tended to return to the initial lei el 
as the diuresis passed oft (Table II) Tn onfy two cases was the increased 
C 0 maintained to the end of the experiment These weie cases wnth very 
low initial C 0 Two cases showed a final lei el of G 0 significantly lower 
than the initial level Tn the rest of the cases the final values were comparable 
with the initial values 

I'AB Lb II 


Effect of mercurial diuretics on cardiac output 

Initial values of cardiac output and percentage demotion from initial values (i) at lowest right auricular 
pressure and (it) at end of experimental period 
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On the whole there w r as no significant change m pulse rate or blood 
pleasure, though several hypertensive cases showed some fall in systolic and 
diastolic pressure at the end of the period of observation 

Output of urine During the fust few 7 hours after injection of the 
mercurial compound, a steady increase m unne output was observed , tins 
was followed by a slow decline to the control level Tbe average time of 
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maximum diuresis was 41 hours after the injection (range 24 to 8 hr ) 
In 7 cases followed to the end of the period of diuresis, the control level was 
reached approximately 10 hr after maximum diuresis During maximum 
diuresis the average output of urine was 560 o c per hr (range 300 - 930) 
The total volume passed from the time of the injection up to the time of 
maximum effect on R A P and C 0 averaged 2 0 htres (range 0 5- 3 2 L ) 

Discvssion 

These observations demonstrate the improvement in C O and the rehef 
of venous congestion that accompames and follous the diuresis induced by 
mercurial diuretics By contrast with the compounds containing theo- 
phylline, an immediate effect on RAP and C 0 was not observed 
following the injection of the mercurial alone 

It is of interest to compare the effects of mercurial diuretics and the 
effects of venesection The relationship between the changes in R A P and 
C O from the time of the mercurial injection to the period of maximal 
ciroulatory effect is shown in Fig 3 , and in Fig 4 is reproduced, for com- 
parison, a similar diagram from Howarth, McMiohael, and Sharpey-Schafer’s 
paper on venesection (6) The general slope of the hnes relatmg ohange m 
R A P to change in G O hears a close resemblance m the two figures It is 
evident, therefore, that the circulatory effects of mercurial diuretics m 
congestive heart failure are comparable with those induced when RAP 
is lowered by mechanical means, i e , by venesection or the application of 
venous constricting cuffs to the thighs The difference lies m the time 
interval elapsmg between the procedure and its effect — in the former case, 
a matter of hours, m the latter, of minutes 

It is thus probable that the rise in CO is accounted for by reduction 
in R A P Reduction m RAP of the order observed m our cases, was 
induced by Howarth, McHichael, and Schafer (5), by withdrawal of 460 - 
1,000 c c of blood Such a reduction in circulating blood volume may 
occur in the course of the diuresis induced by mercurials We were 
unfortunately unable to obtain satisfactory confirmation of this Significant 
luemoconcentration i\ as observed m 2 of 4 cases m whom haemoglobin levels 
were followed, but three of these four were cases in which the observations 
v ere cut short owing to the restlessness of the patient, and no vahd comparison 
between the RAP and hsemoconcentration was possible In normal 
subjeots, Lyons and others (7) using the dye method, claim reductions m 
plasma volume of up to 15%, 9 to 12 hours after mercurial injections 
Further work is clearly necessary before this matter can be settled Warren 
and Stead (10) have suggested that the maintenance of high venous pressure 
in congestive failure may be partly accounted for by raised tissue tens on 
due to oedema Reduction m oedema cannot be held to account for 
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R AURICULAR PRESSURE CH SALINE ABOVE STERNAL ANCLE 

Fig 3 Effect of merourml diuretics on right auricular pressure nnd cnrdinc output, plotted on 
logarithmic scales The logarithmic scale for right auricular pressure is arbitran in Figs 
3 and 4, and zero represents the sternal angle Black dots show initial data and lines are 
drawn to the maximal circulatory responses 



-7 -6 -5 -4 -3 -2 -t 0 +5 *10 +20 +30 

RIGHT AURICULAR FRtiSUflt CM SALINE A BOV* ITiftNAL ANGLE 

4 (After Howarth, McMichael and Sharpey Schafer, Chmcal Science, 1946 47, 6, 41 ) 
Effeot of veneseotion (black circles) and puffs (white circles) plotted on the same scale as 
Eig 3 The response to merounals and veneseotion is similar 
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reduction in RAP in the early stage of the experiment, but may play a 
part in keeping down the RAP towards the end of the period of observation, 
when reduction of body fluid is maximal 

Finally the possibility should be held in mind that organic mercurial 
compounds, which after all are powerful drugs capable m rare cases of 
causing sudden death, may have some direct action on the cardiovascular 
system, possibly lowering venous pressure, m a manner analogous wrtli 
digoxin 

Summary 

1 The circulatory effects of I V injections of mercurial diuretics have 
heen studied mil cases of congestive heart failure 

2 A rise in cardiac output and a fall in right auricular pressure was 
observed These effects began about 2 hours after injection of the mercurial 
preparation, reached a peak in 5 to 7 hours, and tended to pasB off with the 
return of urine output to normal 

3 Mercurial preparations containing theophylline Buch as mersalyl 
caused, m addition, an initial but transient rise m cardiac output and fall 
in right auricular pressure which was not observed after preparations not 
containing theophylline 

4 The significance of these circulatory changes is discussed 
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A NEW METHOD OF CLINICAL SPIROMETRY 


By KENNETH W DONALD’ 1 ' and RONALD V CHRISTIE 
(From the Medical Professorial Unit, St Bartholomew's Hosjntal ) 

The ordinary spirometer from -which oxygen or an oxygen rich mixture is 
rebreathed is w ell suited for the determination of oxygen uptake but is 
limited in its application to more general respiratory problems Not only 
is it impossible to study the response to C0 2 , low oxygen tensions and other 
mixtures of gases, but also the inspired air, with its high and changing 
oxygen content, is abnormal and may alter the respiratory pattern by 
relieving anoxia Some of these drawbacks can be overcome by running 
oxygen into the air filled spirometer at the rate of uptake (2), but this method 
is limited in its use and requires the subject to be m a constant and relatively 
basal condition At present, if continuous respiratory tracings on air or 
any mixtures of gases is required, only two methods are available The 
plethysmographic method in man is cumbersome and technically difficult, 
while the recording of pressure changes in tubes fastened round the chest is 
neither sensitive nor volumetric The method described in tins paper allows 
an accurate volumetric tracing to be obtained while breathing air or any 
mixture of gases, using, as far as the patient is concerned, only a mouthpiece 
and nose-chp as in standard spirometry The w hole apparatus is incorporated 
in a trolley and can be used at the bedside at short notice 

Method 

The method has been developed by the authors from a simpler 
plethysmographic technique used previously by Christie (1) If a subject 
breathes from a rigid air-tight box to which a spirometer is connected, it is 
obvious that the spirometer will nse and fall with inspiration and expiration 
If a bag (Fig I, B) is introduced into the box (X) with an inspiratory tube 
leading from nag to mouthpiece (M) and an expiratory tube connecting 
mouthpiece to spirometer, which m turn is connected with the box, then 
the gas to he inspired, and that expired are segregated within a rigid system 
which is attached to the spirometer Gas is withdrawn from the bag (B) 
on inspiration and expired air is returned to the box, outside the bag through 
the spirometer, which will record faithfully the respiratory excursions of 
the subject By the introduction of many-way taps a number of these boxes 
can be employed using the same spirometer and the subject can be switched 
from one gas to another, a continuous respiratory tracing being obtained 

* Cattlin Research Fellow St Bartholomew s Hospital 
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The boxes are of light metal with reinforcing strnts incorporated in the 
wall Their capacity is 100 litres The bags are made of light rubberised 
gaberdine and will hold SO litres All connections are of wide boro rubber 
tubing and non-return rubber spear valves are inserted on each side of the 
mouthpiece (V) If desired, an external carbon dioxide absorbent canister 



Fig 1 Diagram of circuit employed S — Recording spirometer 51 — 5Ioutlipiece V — 
Non return rubber spear \ahes B — Bag of 80 litre capacity and bo\ of 100 litre capacitj 
C — Stopcock Direction of air flow shown by arrows 

can be placed between the mouthpiece and spirometer The total cost of 
one box and bag is about a quarter that of a standard spirometer A six 
or eight litre Benedict spirometer is used, and this with two boxes 
mcorporated m a trolley is shown m Fig 2 With suitably placed taps, 
the circuit can be changed so that the patient breathes from either of the 
bags or from the spirometer alone, and the change can be executed so quickly 
and quietly that the patient is unaware of it and the respiratory tracing is 
uninterrupted 

The circuit is larger than that m a standard spirometer and the 
resistance to mspuation is slightly greater as gas is moved through practically 
the whole circuit This causes the inspiratory resistance to be about 0 4 


cm 'water (Minute volume 5-10 litres) more than that of the spirometer and 
11011 -retum valves employ ed Since the exhaled gas is totally accommodated 
by the spirometer the expiratory resistance is not increased Many 
extremely debilitated and dyspnceic patients have breathed from the 
apparatus without discomfort and have at no time complained of any 
resistance The spear valves, despite their handiness and reliability are 
to be substituted by lighter non-return valves as they are responsible for 
most of the resistance of the apparatus 

The bag can be filled with any mixture of gases It is first completely 
emptied by increasing the pressure within the box by blowing air through 
a small side tap (C, Pig 1) This tap is then connected to a flowmeter 
and gases are run from cyhnders into the bag The -volume of any gases 
introduced into the bag is thus measured by air displacement and C0 2 or 
any gas mixture can be measured accurately (to 0 1%) using one standard 
air meter This cbsplacement technique makes what can be a very difficult 
procedure into a simple and rapid process The space between bag and box 
must be washed out with air before mixing, as the presence of any soluble 
gas will falsify the flowmeter reading The gases are passed through warm 
water on the way to the bag , this causes near-saturation with water vapoui 
and subsequent cooling to room temperatme and condensation in the bag, 
leaves the gas saturated Dry gases cause the subject discomfort after a 
few minutes, and the constant addition of water vapour by the patient’s 
lungs to the circulating gas causes a small but definite increase of volume of 
the expired air Where standard mixtures of gas are emploxod the bags 
are usually filled from the prepared cylinders, but it is of advantage to be 
able to make any mixture that may be required After filling the bag, 
the apparatus is left for 15 minutes so that its contents attain room 
temperature The apparatus should be used witlim two hours of filling 
otheiwise slight changes of concentration will take place owing to diffusion 
As equilibrium between cooling and heating which occurs in the Benedict 
spirometer might not be expected m so large a circuit, errors from this source 
were anticipated Ilowev er, careful testing showed that, owing to the length 
of tubing, the size of the box and the passage of the expired air over the w ater 
seal of the spirometer, there was no significant rise of temperature m the 
box which remained at room temperature 

The inertia of the spirometer is the only factor which leads to a 
measurable error in this method The spirometer will not start to moie 
until sufficient negative pressure is developed to o\ ercome the resistance of 
the circuit, and it will therefoie only record the tidal air minus the volume 
of air whose removal from the box will cause this negative pressure This 
will lead to a slight “ damping ” of the excursion on the respiratory tracing, 
but the base line will remain volumetncally accurate (other things being 
equal) and will give an accurate indication of the gases absorbed, retamed, 
or metabolised Tlus “ damping ” remains constant and does not vary 
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with the tidal air nor with the speed of respiration The volume of this 
“ lag ” can he determined by using another carefully cahbrated spirometer 
as an artificial lung In the 100 litre capacity box, this error is about 
10 c c per excursion, and, in most experiments, this can be ignored If a 
larger box is used this factor becomes more significant and for this reason 
when a tracing over a long period is desired, a series of 100 litre boxes are 
used 


If volumetric estimations such as oxygen consumption or gas absorption 
are being carried out, any change of atmospheric temperature or pressure 
would, in itself, cause a volume change 'I his factor has been carefully 
checked and found to be of no significance providing the precaution is taken 
to avoid using the apparatus soon after transfeience fiom one room to 
another of considerably diflerent tcmperatuie 

Leaks can be tested for in the usual maimer by weighting the spirometer 
and connecting it, m turn, with all parts of tbe cncuit 

Experimental , 

If there is no C0 2 absorbent canister m the circuit, the expired gas 
will be returned to the spirometei and box unchanged, and the tiacing will 
slowly nse (the spirometer bell falling), as sbghtfy less carbon dioxide is 
produced than oxygen used If the respiratory quotient is exactly one the 
tracing will be level, and if above one the slope of the tracing mil fall Thus 
changes in the respiratory quotient can be observed from the tracing without 
gas analysis 

If changes m ventilation until different gases are being investigated it is 
important that the resting minute volume while breathing air should first 
be determined Even unapprehensive patients may respond to any unusual 
“ respiratory environment ” by an increase in ventilation although their 
respirations remain serene and regular Du Bois (3) has emphasised that 
this may invalidate many experiments and that shght over-ventilation is 
impossible to detect by present methods for this reason the piecaution has 
been usually taken of training subjects m the experimental procedure, 
repeating the experiment a number of times, and only accepting the minute 
volume on air when it has been constant over a number of minutes With 
the present method, however, any hyperventilation will declare itself by a 
nse m the respiratory quotient, and the resultant sloping down of the tracing 
The min ute volume often takes several minutes to settle to a steady figure 
and this can be easily assessed from the respiratory record This teclimque 
makes “ practice runs ” unnecessary with most subjects 

Fig 3 shows a typical chart of a normal subjeot bieathing first air and 
then 4% C0 2 It will be noted that when 4% C0 2 is breathed the level 
of the tracing rises owing to the retention of carbon dioxide in the body 
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When an equilibrium between the tissues and the inspired C0 2 is established 
the level of the tracing again becomes stabihsed, so that the amount of 
C0 2 retained can be measured 



tig 3 Reaction of normal subject to 4° 0 CO Subject breathing nir until signal 4% CO 
and air after signal Xo CO absorbent in circuit Tracing reads from left to right, \ertieal 
lines mark one minute intervals and space between horizontal lines 500 c e 


Fig 4 shows a normal subject breathing air and then 12% oxygen 
in nitrogen , the increased ventilation caused by anoxia u ashes out carbon 
dioxide with a resultant rise of the respiratory quotient The demonstration 
of this phenomenon confirms the sensitivity of the apparatus to even slight 
degrees of over-ventilation 



Fig -4 Reaction of normal subject to 12% owgen in nitrogen Iso CO absorbent in circuit 
(otherwise legend as in Fig 3) 


The circuit without the canister can be used foi mans other purposes 
Tracings of patients with abnormal respiratory behaviour can be recorded u hile 
breathing air and the effect of carbon dioxide, o\j gen and anoxia ascertained 



Fig S Cli^vne-Stohes breathing in a case of malignant hypertension 

1 Breathing air Iso canister 2 Breathing oxygen Xo canister (There is an 
interval of few seconds between 1 and 2 ) Signal marks change over from air to oxvgcn. 

Fig 3 shows two such tracings in i case of malignant hypertension uitli 
Cheyne Stokes breathing The marked periodicity ulule breathing air and a 
reduction of this periodicity when breathing oxjgen is clearly seen A 
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repetition of these tracings with an absorbent canister in the circuit showed 
that the shift of respiratory level is a true one and not dae to changes in the 
lespiratory quotient 



Tracings of the vital capacity and of hyperventilation or apncea and 
their after effects, can be obtained -while breathing air or any other mixture 
of gases In a noimal individual maximal hyperventilation causes consider- 
able washing out of caibon dioxide followed by decreased -ventilation and, 
usually, periodicity All these phenomena can be seen in Tig G 



Fig 7 Emphysematous subject making three separate attempts to hyperventilate while 
breathing air No CO, absorbent in circuit 

Emphysematous patients give a very diffei ent record , the respirator y level 
is raised while attempting to hyperventilate and these patients are usually 
incapable of washing out any significant amount of carbon dioxide (Fig 7) 



Fig 8 Emphysematous subject breathing air before, during and after mild exercise No C0 3 
absorbent in circuit 

The effect of exercise on the respiratory quotient can be studied Fig 8 
shows a case of emphysema breathing air, first while at rest, then during 
mild exercise, and finally during the recovery period Carbon dioxide 
was still being washed out eight minutes after the period of mild exercise 
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The apparatus is also useful for \ olumetric respirator}' tracings on air 
■alien aheolnr samples arc being taken An ‘ alveolar trap ” can be easilj 
incorporated into the circuit It is then possible to assess from the record 
the significance of such factors ns regularity of breathing, depth of 
expiration at time of sampling, and prolongation of expiration due to 
emphysema or spasm 



hip 0 Om gen uptake of normal subject in resting state ns determined bj Benedict B spirometer 
and by box spirometer while breathing air (CO, absorbent in circuit) Signal marks cliangr 
o\er from oxxgen to air 

Oiijgen uptake under various conditions 

If an absorbent canister is inserted between the mouthpiece and the 
spirometer the oxygen uptake is accurate!} recorded provided there is no 
carbon dioxide or highly soluble gas present m the inspired air Thus the 
metabolic rate can be determined while breathing air as easilj as when 
breathing oxygen Pig 9 shows, first, the rate of oxj gen uptake as measured 



Fig 10 Oxjgen uptake and -ventilation of normal subject when breathing 12% oejgen and 
100% oeigen. CO absorbent in circuit Signal marks change o\er from 12% ovtgcn to 
100% owgen 


by an ordinal} oxjgen filled Benedict spirometer At the signal the subject 
started to breathe air from the box circuit and it will be seen that the rate 
of oxvgen uptake remains unaltered Similarly it can be shown that the 
oxxgen uptake remains unchanged while the subject is breathing 12% 
ox} gen, although there are marked changes m \ entilation (Fig 10) Changes 
in metabolic rate with exercise can also be measured, while breathing xanous 
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tensions of oxygen Fig 11 shows a subject uorking steadily at the rate of 
300 kilogramme-metres per minute while breathing air, 15% oxygen and 
12 % oxygen A change from air in one box to air in another cauBesno change, 
a change from air to 15% oxygen causes a slight increase m ventilation 011 I 3 ’ 
(26 3 to 30 litres pm), but when 12% oxygen is breathed there is a dramatic 
fall in oxygen uptake and use in ventilation In the last experiment the 



(a) (b) (c) 

Fig 11 The effect of changes in oxygen tonsion on the oxygen uptake and \ entdntion of n 
normal subject broatlung air at constant rate of work (300 kg m per mm ) (a) Air-^. air 

(6) Air -b 15% oxygen (e) Air •> 12% oxygon 


subject was cyanosed and anoxic and the experiment had to be discontinued 
This technique of lowering the oxygen tension during exercise lias been used 
m pathological states as it allows critical changes m ventilation and oxygen 
uptake to be observed without violent maximal exertion 

Absorption of inactive cases 

If a subject first breathes air and then a mixtuie of oxygen and nitrous 
oxide, the tracing shows the absorption of nitrous oxide voluinetncally 
Tins can be demonstrated with or without the absorbent canister m the 
circuit The former is preferable as changes m level due to variation m the 
respiratory quotient will not be superimposed In Figs 12 and 13 the subject 
first breathed air and then 26% and 50% nitrous oxide with no absorbent 
canister in the circuit The amount of nitrous oxide absorbed with each of 
the concentrations can be seen and in Fig 12 the rate of its elimination while 
breathing air is shown Following three minutes exposure to 50% nitrous 
oxide the subject became completely unaware of Ins surroundings and held 
his breath for some time After this, although the respirations were irregular 
and the total ventilation reduced the rate of absorption increased This 
was probably due to the apncea and excitement of the first stage of 
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anaesthesia causing an increase in cardiac output although changes in the 
respirators quotient mas also he imolsed 2-)% nitrous oxide usually 
causes some dissociation and feelings of nnreahts , hut 15% and 20% do not. 
cause these disturbances Wien breathing the loner concentrations, total 
quantities of gas can be absorbed without ill effects that would cause 
unconsciousness if breathed in higher concentrations 



Tig 12 Normal mi bjoct breathing nir 25% nitrous oxide in oxygen followed bj nir No C0 2 
absorbent in circuit First signal marks change o\or to nitrous oxide, second signal return 
to air 



t i I 

Fig n Normal subject breathing nir and G0% nitrous oxide m oxxgen No CO absorbent 
m cm mt Signal mnrhs ehnngc ox or from nir to nttrous oxide 

Summary 

A new and simple method of spirometr\ is described which enables 
Yolumctric respiratory tracings to be obtained while breathing am nn\ture 
of gases 

The inertia, resistance and temperature changes in the circuit and 
technique of filling the spirometer are described 

Some uses of the spirometer in clinical investigation are gi\en If no 
CO. absorbent is employed the reaction to C0 2 and anoxia, changes in 
respirators quotient the vital capacity and abnormal respirators' beliax lour 
breathing different gases can be studied With an absorbent canister in the 
circuit, the oxxgen uptake and ventilation can be determined while breathing 
air or any other percentage of oxxgen The spirometer a'so records the 
absorption of soluble inactive gases 
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THE RESPIRATORY RESPONSE TO CARBON DIOXIDE AND 
ANOXIA IN EMPHYSEMA 


By KENNETH W DONALD* and RONALD V CHRISTIE 
{From the Medical Professorial Unit , St Bartholomew's Hospital ) 

lx 1920 R W Scott demonstrated that tuo patients with chronic pulmonary 
emphysema shou ed little reaction to the inhalation of increased percentages 
of carbon dioxide (7) He related tins to the increased buffering action of 
the bicarbonates and the inabihty to increase adequately the tidal avr and 
respiratory rate owing to the faulty mechanics of the chest In this 
investigation the phenomenon is studied more extensively m a larger group 
of cases with adequate controls 

Method and selection of cases 

The patients investigated all complained of shortness of breath and 
uere referred to us as definite or possible cases of emphysema A number 
of cases were rejected with other diagnoses such as tuberculosis, carcinoma 
of the bronchus, or proven myocardial disease If a patient had only 
moderate signs of emphysema but no other cause of the dyspnoea, he uas 
included in the series A few cases of asthma uho were complaining of 
shortness of breath betu een the attacks were also included In the history 
particular note was made of cough dyspnoea, asthma and capacity for work, 
and a full clinical examination was carried out, the respiratory and 
cardiovasculai systems being examined with particular care The degree 
of bronchospasm was assessed by auscultation at rest, during attempted 
hyperventilation and after exercise Dyspnoea was also noted after graduated 

exercise An electrocardiogram and X-rajs uere obtained, plates being 
taken at 6 feet m full inspiration and full expiration in the antero-postenor 
and lateral positions The plasma C0 2 combining power was also determined, 
venous blood being drawn without stasis and oxalate used m minimal 
quantities The specimen was centrifuged immediately and the plasma 
pipetted off at once and equilibrated with C0 2 at 40 mm Hg pressure at 
room temperature The manometnc method of Van Slyke was used The 
vital capacity was measured with a Benedict’s spirometer, the subject being 
in a 8enn-reoumbent position Four estimations u ere carried out and the 
largest volume noted, as by far the most important variant appeared to be 
the degree of effort and co-operation The vital capacity was converted 
to a percentage of “ normal ” using West’s formula (10) It is realised 
* CattUn Research Fellow, St Bartholomew’s Hospital 
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that this is far from accurate but the important factor of body size is allowed 
for and therefore it was considered that such a conversion was necessary 
Alveolar samphng wns performed m most cases but it was often impossible 
to obtain a satisfactory sample and repeatabihty was very poor In view'' 
of these difficulties these figures are not given 

The method already described (4) was used in determining the response 
to C0 2 The subject lay supine for at least twenty minutes to achieve a 
steady respiratory state (')) , a tracing while breathing air for about six 
minutos w r as then obtained and was followed by a tracing while breathing 
4% C0 2 for five minutes (Fig 1) 4% C0 2 was employed for a number of 

reasons This concentration causes no disturbance m normal or abnormal 
individuals (unless acidosis is present) and it allow s an exposure of 5 minutes 
oi more using an 80 litre bag It w r as considered that the factor of mechanical 
limitation of ventilation would be reduced to a minimum by using a moderate 
concentration of C0 2 
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Fig 1 Patient with emphysema brenthmg air and 4% CO, (Signal marks change over — 
Traotng shows littlo change in ventilation and should bo compared with tracing from norma) 
subject shown on page 25 (4) ) 

The reaction of a control group of 28 normal individuals was also 
determined They were of both sexes and their ages varied between 18 
and 69 years All w r ere m good health without dyspnoea, and there was no 
history of lung disease, heart disease, or of nephritis 

Results 

The reactions of the normal senes to the first five minutes of exposure 
to 4% C0 2 are showm in Fig 2 The maximal increase of muiute volume, 
stated as a percentage of the minute volume while breathing air, was taken 
as the significant figure (Fig 3) In the large majority of subjeots the 
ventilation was maximal in the fifth minute, but in a few subjects this 
occurred in the third or fourth minute of exposure The mean minute 
volume of the group (7 05 litres) tallied well with the figures given by Shock 
and Soley (8, 9) 

Of the 30 patients who were investigated, 23 were considered to have 
mild to seveie emph 3 r sema and 7 to he asthmatic without definite emphysema 
The age, minute volume, leaction to C0 2 , and plasma C0 2 combining powei 
of these two groups are shown in Table I The history, degree of dyspnoea, 
physical signs of emphysema, chest measurements, cardiovascular and 
X-ray findings are summarised in Table II Asthma is only noted when the 
patient had classical attacks, but if bronchospasm was found on examination, 
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or the history suggested its being an important factor, it is noted under a 
separate heading The degree of dyspnoea was assessed as follows — 

Degree 1 Dyspnoea noticed by the patient but confined to severe exertion 
Degree 2 Dyspnoea on walking rapidly or climbing flight of stairs 
Degree 3 Dyspnoea on walking at moderate speed on the flat 
Deg) ee 4 Dyspnoea on the shghtest exertion (e g undressing) 

Degree 5 Dyspnoea at rest 



'nmns bmm to i r z ck 

Fig 2 The increase in ventilation of 28 normal subjects during the first fi\ e minutes of exposure 
to 4% CO The reaction of the ten most tolerant cases of emphj scma is also Bhown 

» 
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Fig 3 The maximal increaee m minute volume m the first fi\ e minutes of exposure to 4% CO 
in 28 nor mal , 23 emphysematous and 7 asthmatic subjects 
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TABLE I 

Age, reaction to 4% GO. and CO. combining power in 23 case# of emphysema (1 23) and 7 cases 

of asthma (24 30) 


Case 

No 

Age 

Yrs 

Min \ ol 
nir (c o ) 

Pet 

cent ago increase in 
breathing 4% 

unite \ oh 
CO. 

jme 

CO; 

capncitj 
i enous 
plasmn 

let 

min 

2nd 

mm 



51 h 
mm 

1 

23 

5,410 

8 

9 

10 

23 

23 

77 1 

2 

GG 

8,1G0 

21 

22 

29 

29 

24 

COO 

3 

49 

0,020 

4 

10 

21 

29 

31 

74 2 

4 


7,000 

2 

16 

20 

17 

37 

73 0 

5 

48 

7,007 

7 

22 

33 

30 

30 

70 1 


42 

0,600 

10 

30 

32 

42 

35 

72 2 

7 


7,216 

1 

18 

18 

30 

42 

77 7 

8 

G7 

7,180 

25 

30 

32 


41 

09 0 



7,830 

28 

33 

43 



08 6 


09 

10,420 


24 

37 


35 

70 5 

11 

00 

10,030 

7 

1G 

40 


40 

71 1 

12 

62 

0,017 

11 

27 

30 

46 

40 

02 4 

13 

69 

7,400 

11 

30 

47 

22 

34 

08 8 

14 

4G 

8,710 


27 


32 

51 

00 5 

1G 

G4 

8,010 

15 

22 

32 

65 

54 

08 0 

10 

67 

7,360 

0 

34 

43 

58 

62 

07 0 

17 

01 
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42 

60 

01 

09 3 

18 

53 

8,340 


54 

03 

69 

03 

74 8 

10 

52 

8,010 


03 

76 

79 

78 

67 0 

20 

50 

8,080 

17 

50 

44 



72 2 

21 

48 

0,570 


74 

05 



00 0 

22 

50 

7,580 

15 

43 

01 



00 0 

23 

55 

0,030 

30 

64 

84 



08 1 

24 


3,802 

20 

83 

98 

102 

120 

00 0 

2G 



1 

49 


78 

102 

67 8 

20 

27 

6,830 

13 



53 

90 

50 2 

27 

30 


12 

52 




67 6 

28 

24 

6,073 

37 



77 1 

80 

69 6 

29 

30 

9,107 

27 

55 

47 


70 

70 2 

30 

43 


23 

63 

77 

78 

89 

68 2 
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It -will be noted that 10 out of 23 cases considered to have emphysema 
gave reactions m the first five minutes of exposure to 4% C0 2 that were 
clearly belov the normal range (Pig 3) The physical signs of emphysema 
in the 7 patients giving a normal reaction to C0 2 vere, on the whole, less 
than in the others on tlus group, although two of them had gloss signs of the 
disease The degree of dyspnoea m the seven normal reactors w as however 
significantly less than m the rest of the group (Table II), and three had 
vital capacities of 70% or more of normal, ivhereas only one out of the 10 
COo tolerant cases reached this figure The alkali reserve of all cases uas 
within the normal range although most C0 2 tolerant cases had high alkali 
reserves inthm this range (Table I) 



Fig 4 The percentage mcr-enao in tidal air plotted against the percentage change in respiratory 
rate when breathing 4 % CO, in normal, emphysematous and astlimntic subjects The 
curie represents a 60% mcroaso of minute tolume and therefore separates the normal 
reactors from thoso with impaired reactions to CO. 

Ill Pig 4 the percentage increase m tidal air durmg the mrnute of 
maximum reaction is plotted against the percentage change m respiratory 
rate It will he seen that most normal subjects increased their tidal air by 
40 to 70% and their respiratory rate by 10 to 30% A few subjects with a 
marked increase m tidal air (over 100%) actually slotted their rate of 
respiration The emphysematous subjects showed no significant difference 
in the type of reaction and a number increased their tidal air or respiratory 
rate normally although the total ventilation was markedly impaired It 
it ould appear, therefore, that inability to increase the tidal air or respiratory 
rate is not a fundamental cause of the impaired reaction to carbon dioxide 

The group of asthmatic patients all gave a normal reaction during the 
first five minutes of exposure to 4% C0 2 (see Table IT and Pig 3) Cases 
24 to 28 were women and did not show any tendency to deepening of the 
chest , in contrast all three male asthmatics had some deepening of the 
chest but otherwise no convincing signs of emphysema The vital capacity 
of the asthmatic group was considerably higher than in those cases classified 




History, degree of dyspnoea, physical signs o f emphysema, chest measurements, cardiovascular and X ray findings, and 

xntal capacity in 23 cases of emphysema and 7 cases of asthma 
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as emphysema Two patients showed bronchospasm almost continually 
between the aoute attacks, and four had severe bronchospasm (as judged 
clinically) when their reaction to C0 2 was determined although this did not 
impair the capacity to increase their ventilation Only one asthmatic 
found the increase m respiratory velocity distressing and the experiment 
had to be discontinued after the third minute The changes m respiratory 
rate and tidal air in this group did not differ m any way from that of the 
normal subjeots 

Longer exposures 

It was reported by Dnpps and Comroe (5) that when 42 normal 
individuals breathed 7 6% C0 2 , only 27 subjects reached a constant minute 
volume in 21 to SI minutes For tins reason some of the patients showing 



Fig 6 The response of nine patients with severe emphysema to more prolonged exposures to 
4% CO, The response of four normal subjects is also shown 


impairment of ventilation m the first five minutes of breathing 4% C0 2 weie 
submitted to longer exposures Nine patients with severe emphysema 
were tested, the length of the exposure being 12 to 14 minutes , four achieved 
an increase of respiratory nunute volume within the normal range of reaction 
to 4% C0 2 (8) m nine to twelve minutes and four achieved nearly normal 
percentages (Fig 5) The remaimng subject still showed extreme impair- 
ment of ventilation after thirteen minutes exposure (28% increase) 

After this experiment each case ventilated on air to his maximum 
abihty Seven of the nine oases were capable of hyperventilation (70% 
to 117% increase of minute volume) that was greater than that produced 
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by 4% CO; and m ell within the normal range of increase The patient 
with a prolonged impaired reaction could only increase Ins minute volume 
by 40% 


Repeatability 

The response to 4% C0 2 was repeated on a number of cases, mostly 
on those who showed impaired reactions m the first five minutes of exposure 
The results are shown in Fig 0 In the large majority of instances, there w as 
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REPEfimiUTY OF cq TOLEFtmE 

Fig 0 Ropeatobihtj The maximal renction during flic mmuto exposures to 4% CO, rnnbnor 
mnl subjects on successw o occnsions 


an mterval of several months between the experiments Repeatability was, 
on the w hole, remarkable The most striking finding was that no case with 
an impaired reaction gave a reaction within the normal range in any subse- 
quent experiment, despite considerable changes in degree of bronchospasm 
and bronchitis The response of patients with a normal reaction to C0 2 
was also consistent The single exception was Case 20 who gave a markedly 
impaired reaction in the second and third exposures Tins patient had all 
the characteristics of severe emphysema, and it was a surprising finding 
when he gave a normal reaction m the first experiment There was no 
significant change in his condition over the period 

Reaction to anoxia 

In view of the possibility that the reactions of the respiratory centre 
may be modified by adaptation to the abnormal internal environment in this 
disease, the effect of anoxia was also imestigated The effect on ventilation 
during the first five minutes of exposure to 12% 0 2 was determined in ten 
patients with emphysema, who were tolerant to C0 2 , and eighteen normal 
subjects On the whole, the reactions of the two groups were very similar, 
the usual wade range of response being found (Fig 7) There were, however, 
certain differences Whereas the normal subjects showed the maximum 
mean reaction m the second minute with a gradual falling off afterwards, 
the emphysematous subjects reacted more slowly, the mean still rising at 
the end of five minutes This difference is just statistically significant 
These results are difficult to interpret in further detail as the emphysematous 
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subjects were presumably in different ranges of anoxia to the noimal subjects 
It is impossible to assess the complicated interactions of peripheral stimula- 
tion and central stimulation and depression However, speaking m general 
terms, this appears to be yet another example of the delay m physiological 
response to changes in the respiratory environment, found m emphysema 



Fjg 7 The response) of ten CO, tolerant coses of emphysema and 10 normal subjects to 12% 
ovygen m nitrogen The mean values of the two groups aro also plotted 


Discussion 

The observation that the reaction to C0 2 is impaired in emphysema 
has been confirmed The alkali reserve of all the patients with impaired 
reactions was witlim the normal range (as estabhshed by Van Slyke) but 
within this range there is considerable statistical correlation between the 
respiratory response to C0 2 and the alkali reserve (Table I) Although it 
cannot be demed that increased buffering will i educe the stimulating action 
of C0 2 , the finding that the reaction is delayed rather than abohshed suggests 
that the mam fault lies neither with the blood buffers nor with the sensitivity 
of the respiratory centre A delayed reaction of this type is not observed 
when normal individuals are exposed to concentrations of less than 4% C0 2 

A simple experiment was carried out in relation to this problem Five 
cases of emphysema, who had given impaired reactions to C0 2 , breathed 
oxygen for twelve minutes to ensure a high concentration of oxygen m the 
lungs They then held their breath for as long as possible The period of 
apncea varied from 26 to 72 seconds, which is less than m normal subjects 
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following the same procedure It is hard to reconcile this finding with a 
true tolerance to carbon dioxide either by increased buffering 01 by adaptation 
of the respiratory centre 

Mechanical limitation of the power to increase ventilation has also been 
excluded as a fundamental cause since man} of the C0 2 tolerant cases had 
ample ability to ventilate voluntarily volumes that were well nothin the 
normal range of response to 4% C0 2 It has also been shown that there 
can be marked impairment of this reaction, with a normal increase m either 
tidal air or respirator} rate The fact that none of these patients complained 
of any discomfort would also suggest that immobility of the chest is not a 
causal factor 

It is known that the ability to produce a homogenous mixture of gases 
in the lungs is impaired m emphysema (3) and the delayed response to C0 2 
may be another manifestation of inefficient mixing of gases m the lungs 
It is difficult to believe, however, that defectne mixing of gases could alone 
bo responsible for the prolonged delay in the response to C0 2 which we have 
observed, and more direct evidence in favour of such an explanation would 
have to be produced before it can be accepted 

The significance in emphysema of any diagnostic procedure is oxtremel} 
difficult to establish since m this disease, the diagnosis can sometimes only 
be confirmed with certainty by a post-mortem examination The ordinary 
physical signs of emph} sema, although present in most cases can be quite 
misleading (1) and the same is true of radiological examination and of the 
measurements of the lung volumes and its subdivisions (2) Any investiga- 
tion is therefore unsatisfactory at the start since it is always possible that 
patients without emphysema may be included Tolerance to C0 2 is, 
howeier, unaffected by bronchospasm, and is normal or decreased m cardiac 
conditions uncomplicated b} lung disease (C) This latter finding needs 
further investigation, but has been confirmed in a hmited number of patients, 
although in two cases of emphysema with “cor pulmonale” increased 
tolerance to carbon dioxide was found 

SroniABY 

The reaction to 4% C0» of 2S normal, 23 emphysematous and 7 asthmatic 
subjects has been studied Of 23 emphysematous patients, 10 gave impaired 
reactions in the first five minutes of exposure The 7 asthmatic subjects 
gave normal reactions 

The reaction of the C0 2 tolerant cases to anoxia and to longer exposures 
to 4% C0 2 has been investigated 

The causes of the impaired reaction to C0 2 m emph} sema and its 
diagnostic significance are discussed m relation to these findings 
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REACTION TO CARBON DIOXIDE IN PNEUMOKONIOSIS 
OE COALMINERS 


By KENNETH W DONALD * 

( From the Medical Professorial Unit, St Bartholomew'' s Hosjntal ) 

Although pneumokomosis has its own definite aetiology, natural history 
and radiological and clinical findings, it is nevertheless frequently associated 
with emphysema and the usual respiratory tests such as vital capacity, 
maximum breathing capacity, exercise tolerance and lung volume deter- 
minations are considerably affected by both diseases In some cases it is 
impossible to state whether the emphysema is secondary or coincidental, or 
to what extent it is responsible for the respiratory disability In patients 
with massive fibrosis the radiological appearance of emphysema may only 
be secondary to the hilar distortion and extreme scarring in the upper zones 
Gough (3) has also described a focal form of emphysema around the coal fooi 
The part played by this disease process m the dyspnoea of pneumokomosis 
is not yet determined In view of this confused picture and the fact that 
an impairment of reaction to C0 2 has been demonstrated only in emphysema 
(Scott (4) , Donald and Christie (1)), the response of a number of patients 
with pneumokomosis was investigated 

Method 

The reaction of 50 patients with pneumokomosis to 4 % C0 2 was studied, 
employing the technique and methods already described by Donald and 
Christie (1) These patients were all under the care of the Pneumokomosis 
Researoh Umt (M R C ) and the large majority w ere certified cases who had 
been in-patients for a period of a month or more for assessment and 
rehabilitation During this period they had been imder careful observation 
and graded according to their degree of dyspnoea Only one exposure to 
C0 2 was carried out on each subject and of 66 cases, 8 were rejected owing 
to unsatisfactory tracings while breathing air It is of interest that four 
of these eight subjects who gave irregular respiratory tracings, usually with 
hypei ventilation, xvere miners until definite pneumokomosis but minimal 
dyspnooa The history and clinical findings, X-ray report, vital capacity 
and maximum breathing capacity were obtained from the records of the 
Unit The methods of determination of the vital capacity and maximum 
breathing capacity were those described by Gilson and Hugh- Jones (2) 

* Cattlin Research h ellow, St Bartholomew s Hospital 

I should hke to thank Dr C M Fletcher (Director), Dr J C Gilson, and Dr P Hugh-Jones 
of the Pneumokomosis Research Umt (Medical Research Coimoil) for giving me access to oases 
under their care, and to their records, from which all the data given m this paper, except the 
reactions to carbon dioxide, were denvod I am also grateful to the Medical Research Council 
for paying tho expenses of this work 




TABLE I 

The history, clinical and radiological findings, vital capacity and maximum breathing capacity and reaction to 

4% carbon dioxide in 48 coalminers studied 
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Results 

The results are shown in Table I The patients w ere divided into five 
groups according to their degree of dyspnoea The age, period of exposure 
to coal dust, duration of dyspnoea, degree of spasm, clinical findings, X-ray 
report, vital capacity, maximum breathing capacity and number of years 
certified are given The findings are fuither summarised in Table II 

In Group Y (dyspnoea at rest) onlj four patients were studied Three 
showed marked impairment of reaction to C0 2> and two of these (Case 2 and 
1) although both miners with a forty years lnstory of exposure, had not been 
certified as there was no radiological evidence of pneumokomosis but only 
of severe emphysema The third had only moderate signs of emphysema 
The fourth case was m severe degenerative heart failure His X-ray showed 
massive shadows 6f pneumokomosis The minute volume while breathing 
air was over 10 litres and although he responded normally to 4% C0 2 (62% 
increase after 24 minutes), he was unable to tolerate any further exposure 

In Group IV (dyspnosa on the slightest exertion) six out of eleven 
subjects showed impairment of reaction to 4% C0 2 The two most tolerant 
cases had, radiologically, minimal dust disease but seveie emphysema 
Of the other four tolerant cases tw o had massn e shadow s, one nodulation 
and one reticulation Marked emphysema of the bases was noted in the 
X-ray report of three of these patients and generalised emphysema m the 
patient with reticulation It is emphasised that these reports were made 
by an independent observer some months before these experiments were 
initiated Of the five subjects giving normal reactions to C0 2 , four had 
massive shadows and one coalescence of nodules One of these cases (12) 
had bundle branch block with an enlarged heart and gallop rhythm Anothei 
pomt of interest was that two of the tolerant subjects had vital capacities 
well above the mean of the normal reactors in this group 

In the third group (Grade III — dyspnoea w alking at. moderate speed on 
the level) onlj three out of ten subjects showed impaired reactions to 4% 
COo The most tolerant subject had only moderate signs of emphysema 
and had diffuse reticulation The second tolerant subject had signs of 
gioss emphysema and bis X-ray report stated “ Severe emphysema with 
bailee Minimal dust deposits ” Although he had a thirty )ear lnstory ol 
exposure he had not been certified as a pneumokoniotic The third tolerant 
subject had massive shadows and considerable emphysema at the bases 
Of the normal reactors two had massive shadows, three coalescent nodules 
(one with cavitation), one reticulation only, and one no definite abnormality 
In the X-ray reports of these cases the only mention of emphysema was in 
Case 21 where it was stated “ emphysema developing at left base ” Case 26, 
who had massive shadows, gave a very brisk leaction to 4% C0 2 and was 
so distressed after 24 minutes that the experiment was stopped Because 
of this Ins urine was examined and severe albuminuria and many casts were 
found He also had hypertension 
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The next gioup (Giado II— dyspnoea climbing lulls but capable of 
moderately heavy exertion) contained 19 subjects and of these only one 
patient showed increased tolerance to CO„ He had massive shadows but 
no chnioal evidence of emphysema, although there was a ten year history of 
bionchitis His vital capacity was 2,720 cc and his maximum mciease 
of minute volume m the first five minutes was 60% The other eighteen 
subjeots had reactions well within the normal range Seven had massive 
shadows and the remainder varied from nodulation u ith coalescence to 
minimal reticulation One subject, a severe asthmatic, uho was tested 
while in severe bronchospasm, increased his minute volume by 120% 

The gioup until minimal dyspnoea (Grade I) contained 4 subjects 
These men u ere capable of fairty heavy labour All had been certified , 
some were still miners and others were working at labouring jobs All 
gave normal reactions to C0 2 Tv o of these had nodulation with coalescence 
and in one subject the X-ray suggested some degree of generalised emphysema 
although his vital capacity was 4,660 c c It will be seen that the maximum 
breathing capacity and vital capacity of these subjects u as normal or near 
normal 


Discussion 

A numbei of the moie mailceclly impaiied reactions to carbon dioxide 
u eie found m miners with little or no pneumokomosis but with severe 
emphysema (Cases 2, 3, 6, 0, 17) Three of these patients had not been 
certified as pneumokoinotics although they u ere severely dyspnoeic and had 
worked undergiound for 38 to 40 years (Cases 2, 3, 17) Eleven of the 
thuteen subjects who gave impaired reactions to oarbon dioxide had marked 
clinical and radiological evidence of emphysema Only six out of the 
thirty-four pneumokoniotic patients with a normal reaction had any clinical 
or radiological evidence of emphysema, and in none of these cases uas this 
evidence marked Patients until pneumokomosis complicated by heart 
failure, nepliritis and neurasthenia all gave noimal reactions 


These findings, m a disease uliere pulmonary fibiosis and emphysema 
so frequently co-exist, are further evidence that an impaired reaction to 
carbon dioxide is only obtained if true emphysema is present Although 
the incidence of emphysema, until unpaired reaction to oarbon dioxide, 
increases in those severely disabled by pneumokomosis it must be emphasized 
that a considerable numbei of miners were extremely dyspnoeic with no 
signs of emphysema and a brisk reaction to carbon dioxide (Cases 11, 13, 
14, 16, 19, 20, 21, 23, 24) If one accepts carbon dioxide tolerance as a 
specific test for emphysema these results would indicate that, m many oases 
of pneumokomosis, the dyspnoea is not due to emphysema 



TABLE II 

Dtgrtt, of clinical emphysema, radiological emphysema, pneumolonions and reaction to carbon dioxide in 48 coalminers 
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Emphysema radio logically. Emphysema clinically -j— 1~ = gross -J- = definite SI. = slight 
Pneumohomoeis — |- =, massive shadows -f- = coalescence, nodulation, marked reticulation 

81 = mi n i ma l reticulation, minimal dust deposits Pr — Pneumokoruosia present Certified but X ray not seen 
Impaired OO t tolerance -j- = sub normal reaction N = Normal reaction * = complicated ( see Table I) 
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The disability of miners without emphysema (as judged clmioally, 
radiologically, and by their reaction to carbon dioxide) appears to be little 
related to the severity of the pneumokomosis and this would suggest that 
some other factor, which cannot be appreciated by radiological examination, 
is involved 

Summary 

The reaction to 4% carbon dioxide of a group of miners -with 
pneumokomosis has been determmed It uas found that only those cases 
showing dyspnoea until other evidence of emphysema gn\ e impaired 
reactions A number of subjects with marked dyspnoea and pneumokomosis 
gave normal reactions The significance of these findings is discussed 
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(EDEMA AND POTASSIUM LOSS 

IN COMBINED SODIUM p- AMTN OHTPPURATE AND PENICILLIN 

THERAPY 

A Metabolic Study 
By J E CATES * 

( From the Medical Professorial Unit, St Bartholomew's Hospital ) 

Penicillin is rapidly excreted by the kidneys, mainly by the tubules which 
ehmmate about four times as muoh as the glomeruli (20) The excretion of 
penicillin is delayed when diodrast (diodone), which is also excreted by the 
tubules, is given at the same time (19) Beyer and others (2, 3) showed that 
in dogs and man intravenous infusions of sodium p-ammohippurate increased 
the plasma levels of penicillin m the same way as diodrast , large doses 
caused oedema but no other toxic signs m dogs Loewe and others (14) 
observed that in short chnical trials sodium p-ammohippurate stimulated 
smooth muscle but concluded that it was not otherwise toxic 

With ample supplies of penic illin there is no need to interfere uith 
tubular function except in rare cases when massive doses fail to control an 
infection Loewe and others (15) treated a patient, who had subacute 
bacterial endocarditis due to a resistant organism, with 10 million units of 
pemcilhn and 240 g of sodium p-ammohippurate daily for thirteen days 
The patient was cured and no toxic effects were reported Tins paper 
records toxic effects of a similar course of treatment and describes 
disturbances of electrolyte metabolism induced by sodium p-aminohippurate 
The patient, a man aged 03, was admitted in October, 1946, with a 
five months’ history of subacute bacterial endocarditis affecting the aortic 
valve Theie nas transient oedema of the ankles but no other sign of heart 
fadure Blood culture showed a slowly growing streptococcus vn idans which 
uas inhibited bj 2 units of pemcilhn per ml Increasing doses of penicillin 
failed to cure the infection and by January, 1947, the patient had received 
10 million units of pemcilhn dady for two months The organism became 
more resistant so that it greiv m 6 units and was inhibited m 8 units per ml 

* Willie receiving a part timo salary from the SIRC I gladly acknorVledgo the help of 
Professor R Y Christie in. writing this paper My thanks are due also to Mies M Watkm 
S.R N , for careful records of the ward work, to Dr G A Harrison for advice and laboratory 
facilities to Dr A Ticknr-r for detennjnntions of p ammohippurate and nitrogen, and to Mr 
Ralph Hudson for manj painstaking analyses I am most grateful to Professor L P Garrod 
for his pemcilhn determinations 
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Therapeutic course of penicillin and sodium p-ammolnppurale While 
a supply of sodium p-annnohippurate was being prepared,* Loewe’s report 
( 15 ) came to hand, so the drug was given in the same way From February 
the 17th, a 12% solution of sodium p-ammohippurate, adjusted to 
pH 6 8 to 7, was given continuously using a Jouvelet transfusion machine 
At first about 240 g of the sodium salt were given each day , this gave 
serum levels of 68 to 74 mg per 100 ml The dose was reduced to 160 g 
each day, and was later altered shghtly so as to maintain a serum level of 
about 40 mg per 100 ml Each day 10 million units of penicillin and 
60 mg of lieparm were given m the infusion 

Effects of therapy The patient complained of thirst and drank t\\ o to 
three litres of water each day He lost Ins appetite, and after file days 
became lethargic, w eak and drowsy , he w'ould doze and let fall a thermometer 
within a minute of its being put m his mouth Breathing became shallow 
and he was shghtly cyanosed , the cyanosis w'as deeper while he was asleep 
and w r as abolished promptly when he was asked to take deep breaths 
Although lus muscles w r ere very weak, and his jaw and lips drooped, he had 
no true paralysis 

From the second daj' lie retained fluid (Edema appealed after four 
days and steadily increased, involving the buttocks, back, abdominal wall 
and finally the conjunctiva; Pleural effusions and ascites developed after 
the sixth day and the circumference of the belly increased from 32 to 37 
inches The lungs w r ere clear, but the patient w r as kept propped up to avoid 
pulmonary oedema The venous pressure did not rise and the liver did 
not enlarge 

Because the patient had become more cyanosed and ominously drowsy, 
the p-ammolnppurate drip w'as stopped on the eleventh day, February the 
28th, but the patient’s weAkness and oedema improved only slowly 
Improvement w r as quickei when potassium chloride was given Pemcilhn 
was continued, the dose being raised to 40 million units a day, and was given 
intramuscularly every three hours for twenty-two days Six days later a 
blood culture w r as positive once more 

The striking finding m the blood was a low serum potassium On 
three occasions when it was estimated during the infusion it was 0 2, 10 
and 11 mg , and it remained between 10 and 12 mg until tw r o weeks after 
the end of the infusion when 3 g of potassium chloride were given daily, 
when it rose to between 16 and 18 mg per 100 ml The serum chloride fell, 
and during the last few' days of the infusion the C0 2 combining pow er rose 
from 73 to 96 volumes per 100 ml 

The levels of pemcilhn in serum were estimated by serial dilution, using 
serum as diluent When 10 million units of pemoilhn were given daily 
with sodium p-annnobippurate the average of seven estimations was 67 
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units per ml Comparable levels were found when each day 40 million 
units were given alone When 10 million units were later infused alone, the 
average of five estimations was 11 units per ml 

Clearly sodium p-aminohippurate increased the plasma levels of 
penicillin It was therefore thought that a longer combined course should 
be tried if the clinical and chemical upsets could be prevented But the 
cause of the upsets was not known, so a short course of sodium p-ammo- 
hippurate was given and the effects of this on sodium and potassium 
metabolism were studied 

This metabohc study threw some hght on the disturbances of electrolyte 
metabolism, but a further long course of sodium p-aminolnppurate and 
penicillin was not given because a supply of caronamide was received 
Penicillin was given for several months (for two with caronamide), and, 
although the infection recurred, the patient became fit enough to walk about 
slowly He died in December, 1947 , autopsy revealed large, partly healed 
and calcified vegetations on the aortic valves with recent extensions on to 
the mitral 


The metabohc study 

As 240 g of sodium p-aminohippurate contains 26 5 g of sodium it 
seemed probable that much of the toxic effects could have been due to 
retention of some of this sodium But the fall in serum potassium could 
not be explained Therefore the metabohc study was designed both to 
cover the balances of sodium and potassium, and, by adopting Darrow’s 
method (7) of following the chloride, nitrogen and body weight, to deduce 
shifts of sodium and potassium between the intracellular and extracellular 
fluids 

Methods Streptomycin (4 g a day) was begun on May 1st and continued 
for a month The metabohc study began at 10 a m on May 4th, and 
covered ten days There were four successive periods 

1 Two days (1 and 2) while the patient became used to the diet 

2 Five days (3, 4, 6, G and 7) covering the infusion and excretion of 
sodium p-ammohippurate The infusion was given for 99 hours — in the 
following 21 hours most of the p-aminohippunc acid left the body 1520 ml 
of a 12% solution was given each day The total of sodium p-aminolnppurate 
was 766 g , 80 g of which were sodium 

3 One day (8) without treatment 

4 Two days (9 and 10) on each of which the patient was given 10 g 
of potassium chloride by mouth 
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Fig 1 Ordinates arc calibrated in grams and milh-equivalenis , the scale of tho latter is 
constant Intakes are shown ns distances between the upper and zero lines , outputs aro 
tho lengths of the shaded columns An unshaded column between the output and zero 
line represents a positive balance (retention) F a shaded column below the zero line represents 
a negative balance (loss) The nbseisste aro calibrated to show periods of 24 hours, from 
10 ann to 10 aun 


Balance data are in Table I 
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The diet consisted of mi Ik, eggs, glucose and water The composition 
of milk was assumed to be that quoted by Cox and Mueller (6) Charooal 
and carmine were used alternately in an attempt to mark the stools The 
urine was preserved with thymol 

Analytical methods Potassium in serum urme and fteees — Jacobs and Hofiman’s method 
Sodium in serum urine and fseces — Butler and Tuthill’a application of Barber and KoltliofT’a 
method p aminohippunc acid — Bratton and Marshall’s method modified by Goldnng and 
Cliasia (11) Nitrogen in urme — Kjeldahl’s method 

Ashmgs were done at 380 to 400°C for six hours Many analyses were repeated more than 
once and were done in parallel with known solutions The results agreed to within 5 per cent 
Sodium found in the p ammohippurate infusion was withm 2 per cent of the theoretical 
mine The infusion contained no potassium or barium The results of other investigations 
including lnematocnt, red cell potassium and urinary urea were not of i alue and are not shown 
The day to day outputs hate a small error because the patient could not pass his urme 
promptly Some of the specimens of urme passed during the last two days of the study were 
pooled before being analysed, so the average balances are shown The stool from davs 0 and 

10 was lost, but the error involved is probablj trivial (13) 

Results 

Clinical effects The patient found the diet uninteresting The 
infusion made him thirsty , he lost his appetite and became lethargic He 
complained of some weakness, but his grip gave the same readings on a dynamo- 
meter There was no oedema and, as m the first few days of the previous 
course, his general condition was good The vein thrombosed on the last 
day and some of the infused fluid escaped into the tissue 

Electrocardiograph changes Depression of T waves appeared in leadB 

11 and III after the infusion had been given for 24 hours, and persisted until 
potassium chloride was given These changes appeared before the serum 
potassium fell (24) 

Chemical findings The balance data are given in Table I The intake, 
output and daily balance of sodium, potassium, chlorine and the p-ammo- 
luppurate radicle are depioted in Fig 1 A to D , the scales for both nnlli- 
equivalents and grams are shown The values of the blood analyses are 
shown m Table II, the time and date of collection is shown to avoid 
ambiguity The concentrations m the urme of sodium, potassium, chlorine 
and the p-aminolnppurate radicle are shown m Table EH Fig 2 shows the 
cumulative balances of mtrogen and potassium , the scales are related to the 
relative amounts of each found m body protein 

Significance of findings 

A 12% solution of sodium p-ammohippurate is 556 mmol per litre, 
so the concentration of sodium in it is about four times that m plasma 
Sodium was retained on each of the four full days of the infusion, though 
the retention was greatest on the first day The concentration of sodium 
m the urme rose parabohcally, levelling off at 273 m eq per litre The 
plasma level rose throughout In the two days following the infusion sodium 
was lost at the same rate as p-aminolnppurate But it was not until potas- 
sium chloride was given that most of the sodium previously retained was 
lost 



Balance data 



Calories 1830 2013 2030 009 1102 1258 030 1023 2510 
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CATES 


Daring the infusion the weight gamed was only 0 6 kg Indirect 
estimations of the change in extracellular volume by the methods of Darrow 
(7) and of Reifenstem (21) suggest an increase of 1* to 2 litres, of winch a 
half may have come from the intracellular fluid The amount of sodium 
retained was more than could be accounted foi by the rise of ser um sodium 
and by the calculated increase m extracellular volume This suggests that 

KCI IOG 

Na-p AH infusion ptr day 





Fig 2 Cumulatn o balances of nitrogen and potassium related to one another in the proportions 
thov are found in protoplasm (1 g of nitrogen — 3 m eq (117 mg ) of potassium ) 

Infusion of sodium p aminohippumte induced a loss of potassium greater than that 
attributable to breakdown of protoplasm 

After the infusion had been stopped potassium nos stored in the both, although there 
was no retention of nitrogen 

some sodium entered the cells When potassium chloride was given the 
weight lost was 3 kg The same estimations indicate that 3 litres of water 
from the extra-cellular fluid were lost m the urine All the sodium lost 
during tins time seems to have come from the extracellular fluid 

Potassium was lost on each day of the infusion The serum level fell 
throughout There was also a loss of nitrogen, indicating destruction of 
body protein The amount of potassium lost was more than could be 
attributed to tbe destruction of body protein and the loss of potassium from 
the extraoellulai fluid together After the infusion potassium was retained, 
both spontaneously and when potassium chloride was given The amount 
retamed was more than that gamed by the extracellular fluid No nitrogen 
was retamed, which suggests that the retained potassium was not used m 
igbuilding protem 

At fiist the p-ammolnppurate ladicle was retamed, hut the daily output 
in the urme equalled the intake after the second day Thereafter equilibrium 
was maintained until the infusion was stopped, when the retamed amount 
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was excreted mostly in the first and the rest in the second day The plasma 
level of the p-annnohippurate suggests that the radicle had fully entered all 
the body water by the end of the second day of the infusion The large 
amount excreted after the infusion supports tins The recovery of the 
p-ammohippurate was 97 per cent 

Discussion 

In general, when sodium salts are infused water and sodium are retained 
(26), and there is no reason to suspect any other meohamsm caused the 
cedema and alkalosis in this patient He was afterwards able to walk about 
slowly without congestive failure, so heart failure cannot be blamed And 
he had further large doses of penicillin without ill effect 

Loss of potassium from the body and sometimes a fall m serum potassium 
may follow dehydration (4) or infusions of hypertonic (8) and even isotonic 
solutions (10, 23) When hypertonic infusions are given to dogB potassium 
passes from the body cells into the extracellular fluid, but only when it is 
being excreted by the kidneys (9) This renal mechanism may have caused 
some of the loss of potassium and the fall in serum potassium in this patient 

In a variety of conditions a fall in serum potassium has been shown to 
oause paralysis, which is sometimes fatal, and other ill effeots (1, 6, 10, 12, 
16, 17, 26) So the severe muscle weakness during the first infusion of 
sodium p-aminolnppurate may have been due to the low serum potassium 

When potassium salts are given to man there is a loss of water from the 
body This occurred m the metabolic study and m Wolf’s experiments on 
normal men (26) , it may happen in patientB with oedema (18) A low 
potassium intake, on the other hand, causes ascites m rats (22) The 
behaviour of the cedema after the first infusion of sodium p-ammohippurate 
suggests that the loss of iiotassium during this infusion was a factor in 
maintaining the cedema 

The amount of sodium given to this patient was very large , m the 
initial daily dose of 240 g of sodium p-ammohippurate there were 25 6 g , 
the same as m 65 g of common salt The danger of sodium retention is 
veil known, and the clinical effects of giving the long course of sodium 
p-aminolnppurate illustrate this danger But the findings m the metabolic 
study also suggest that the clinical effects of too much sodium may be in 
part due to secondary disturbances of other electrolytes of which potassium 
deficiency seems to be one 


Suiuiahy 

Sodium p-aunnolnppurate was used to enhance levels of penic illin m the 
treatment of bacterial endocarditis This caused cedema, muscular weakness, 
alkalosis, and a low serum potassium 



Blood analyses 
(mtTli equivalents per litre ) 
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In ft subsequent study of the effects of sodium 75-ammohippurate on 
metabolism it was found that the body retained sodium and lost potassium 
The significance of these findings is briefly discussed 
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THE EFFECT OF TRAUMA ON THE CHEMICAL COMPOSITION 
OF THE BLOOD AND TISSUES OF MAN * 


By H N GREEN, H B STONER H J WHITELEY and D EGLIN f 
The British Traumatic Shook Team II, RAMC (1045-6) 


( Fiom the Dejmrtment of Pathology, The University, Sheffield) 


During the recent war laboratory studies had directed onr attention to the 
possibility that nucleotides might plaj a part as “ to\ic ’ metabolic factois 
in the response of the bod\ to injury This arose from the demonstration 
that the shock-inducing factor in extracts of voluntary muscle is adenosine 
triphosphate (3, 16) We have also found that, in animals, trauma alters 
the distribution of nucleotide derivatives in the blood and tissues (4 17, 
37, 38, 40) As experimental observations had shown (30) that a similar 
change could be detected after experimental limb iscluemia in man, it 
seemed important to stud} the effect of trauma on the distribution of 
nucleotide derivatives in the blood of man 

An opportunity to do so came until the invasion of N W Europe in the 
summer of 1044 and after a preliminary investigation of the conditions and 
available facilities m forward areas it was decided to stud} clinical material 
on a large scale A team was formed and equipped with a mobile laboratory 
and other transport so that it would be sufficiently mobile and independent 
to move amongst the medical units at Corps level according to the flow of 
casualties The formation of this unit with the training of its RAMC 
personnel led to some delay between the initial observations in September 

* Part of the expenses of this work were defrayed bv the Medical Research Council 
| Our thanks are duo to Vtaj Gen L T Poole Director of Pathology, A.M S , Maj Gen 
Phillips DMS 21 A, Gp Bng Debenham, Consulting Surgeon, 2nd Army, and to Cols 
J S K Boyd and R \\ Fnirbrother, buccossiv ely Directors of Pathologv for 21 A Gp for 
plncing at our disposal the facilities necessarv for the collection of these specimen" The 
nrringcmcntR for the transport of t lie specimens were kindlv made for us bv Bng Sir Lionel 
Wlutbv Lt Col G A H Buttle and the staff of No 1 Base Transfusion Unit, and our thnnks 
are duo to them for mam ncmus 

Our thanks are also due to the various Commanding Officers, Transfusion Officers Surgeons 
and Nursing Sisters we met for their co operation, and to Major T V Dncie, R.A M C , and 
Copt G Homer, R C A VI C for laboratory and other facilities during the early stages of the 
work, and to tlioso who formed the staff of No 2 Traumatic Shock Team Sgts S T Eames, 
J \\ Stiles, Ptes D J Tole and C I 11 ebb R A.M C , and Dvrs D Churchman A G Darnell 
G H \V hitehend R.A S C 

As mentioned in the text the pento-e determinations were made bv Dr VI Bielschowskv 
to whom we are also much indebted for advice on chemical matters 

Wo are also indebted to Prof L Hogben, F.R S , for assistance with the statistical enalv sis 
of the results 
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and October, 1944, and the full scale operations in the following year The 
mam series of our observations uere made at Casualty Clearing Stations and 
Forward General Hospitals (260 beds) during the Battle of the Rhine and 
afterwards until the cessation of hostilities The nature of the problem 
made it impossible to carry out all observations on the spot Thus the 
determination of the adenosine equivalent was by biological assay and 
necessarily undertaken m our home laboratory 

Altogether ue weze able to obtain material for chemical examination 
from 177 cases of battle injur}' Before these patients reached us they had 
usually received first aid treatment at the Regimental Aid Post and Field 
Ambulance Most of them uere given morphine at tins stage m doses up 
f° ^ g 1 * an d some were transfused However, in all but four, observations 



0 8 /6 24 3Z 40 48 5G 

Interval (h rs) 

Fig 1 Frequency distribution of intervnis between wounding and examination 


were begun before surgical operation and in 128 of the total of 177, before 
transfusion By the time the cases reached us they had been wounded 
foi about 10 hours The range of the intervals between wounding and 
examination is shown m Fig 1 Whilst head and chest injuries were 
exoluded as far as possible we made no further attempt to discriminate 
between the type of case chosen for study Routine clinical observations 
were made in order to classify the cases accurately, adhering as far as possible 
to the scheme suggested by Grant (14, 16) Grant’s full classification of 



TABLE T 

Distribution of cases acrordin/ to din piosts and number of deaths in each qronp duritvj the first tcicL after tnjun/ 
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injuries bad to be abbreviated sbgbtly because of the relatively small number 
of cases Special care was taken to be present at operation as this was often 
the only ocoasion on which the amount of damaged tissue could be estimated 
The subdivision of our cases according to the type of injury is shown m 
Table I, according to the amount of luemorrhage, and to their initial blood 
pressure and pulse late in Table II The criteria of blood loss were that 
less than l pint was considered shght, over 2 pints se\ ere and intermediate 
amounts moderate Onl 3 r cases with an initial blood piessuie of less than 
100 mm Hg were subdivided according to their initial pulse rates These 
tables also show the number of deaths m each group More deaths may 
have occurred after the cases had passed out of our hands but we had no 
means of tracing them Although \\e followed up the cases as long as 
possible, we ire re often prevented by military reasons from observing them 
for more than 48 hours The figures given probably represent the mortality 
during the first week after injury 


Chin cal methods 

(1) Blood As soon as possible aftei admission each patient was bled 
fiom a vein thiough a large bore transfusion needle without the aid of a 
syringe Two 15 ml contnfuge tubes, containing 0 2 ml sat Na citrate, 
were filled until blood and a furthei 1 ml collected m a small test tube in 
wlu oh 0 1 ml Wintrobe’s fluid had been dried The following procedures 
were carried out m the mobile laboratory as quickly as possible 

(a) On the blood in the small test tube — This specimen was used to 
determine the haemoglobin (Salih), the hamiatocut (centrifugation) and the 
blood sugar (mioio Folin-Wu method) 

(b) On the blood in the centnfvge lubes — 1 0 ml blood w r as added to 

1 5 ml 10 per cent trichloroacetic acid, and extraction of the adenosme-hke 
substances begun according to the method of Baisoum and Gaddum (1) 

2 0 ml were taken for an KPN determination (Folm-Wu) The remainder 

was then centrifuged for 7 mm at 3000 r p m wdien the plasma was separated 
and distributed as follow's — 10 ml weie added to 6 0 ml 5 cent 

tnohloroacetic acid and filtered through Whatman No 42 papei after 
standing for 1 houi 4 0 ml w'eie used to determine the inorganic and 
“ 7 mi n ” P by Bngg’s method 1 0 ml was used to determine the ammo-N 
content by Danielson’s method (10) 

The Barsoum and Gaddum extracts of whole blood and the trichloro- 
acetic acid extracts of plasma, together with certain muscle extracts to be 
described, were collected in the refrigerator until they could be transferred 
to the laboratory in Sheffield They were flown from the continent to 
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Bristol nnd the journey from Bristol to Sheffield completed by tram The 
specimens acre packed m insulated boxes until ice inserts and by changing 
these at Brussels and Bribtol it was possible to keep them cool throughout 
the journey On arrnal m Sheffield they were stored at 4 C C 

In Sheffield the analyses acre completed The adenosine cqunalcnt 
of the whole blood extracts nnd of neutralized aliquots of the trichloroacetic 
acid extracts of the plasma was determined by the guinea-pig atrium technique 
(11) ns modified In us (37) and the results for the whole blood extracts 
corrected for variations m the Hb level ns described there Owing to the 
large number of specimens nnd the small amount of material available for 
tests it was not possible to do the assays in duplicate Pentose determina- 
tions were also made on the trichloroacetic ncid extracts of the plasma by 
Dr M Biclschowsky to whom we are indebted for these results and who 
used a modification of Mcjbaum’s (33) method The full details of the method 
wall he published by her elsewhere, but may be obtained on reference to 
the Medical Research Council (17) The method estimates the phosphory- 
lated fraction of the total pentose, that is, that part of the pentose which 
is present cither ns nbosc phosphate or ns nucleotide Tins fraction is 
referred to in the text as Pentose P Pentose A nnd B both refer to the total 
pentose, A before and B after dilution of the specimen m order to overcome 
glucose interference 

In some cases it was convenient to prepare acetone precipitates of the 
plasma The volume of the plasma obtained wns measured and added to 
7 vols of acetone The specimen was then transferred to the Sheffield 
laboratory without refrigeration The precipitates were filtered off, washed 
with acetone and ether, and dried m air at room temperature After 
grinding to a fine powder the precipitates were weighed nnd 0 9 per cent 
NnCl extracts made corresponding to the original plasma volume The 
adenosine equivalent of the plasma was determined on this extract as before 
Trichloroacetic acid extracts (4 vols 10 per cent ) were made from the saline 
extracts and the inorganic and “ 7 min ” P and the pentose fractions deter- 
mined as above 

A control senes of blood samples was obtained from 1G4 soldiers who 
had recovered from minor injunes nnd illnesses and who were about to be 
discharged to their units The specimens taken from these men were 
treated in exactly the same way as those taken from the battle casualties 

2 Muscle When possible, specimens of damaged muscle were 
obtained at the time of operation Control specimens of apparently normal 
muscle were obtained from the wound area at the same time These 
specimens were quickly taken to the mobile laboratory, where they were 
weighed and ground up in a mortar with quartz and 5 per cent trichloro- 
acetic acid (10 ml per g wet wt ) Extraction contmued overnight in the 
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Mean values for hmmoglobm, luomatocrit, blood sugar, non Protein nitrogen and amino nitrogen levels for the different groups of cases 

The criteria for the classification of the cases are as for Tables I and II 
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Pulse rate beats per mm 70 100 83 43 143 0 45 8 3 30 

100 and over 74 34 172 0 48 2 3 02 





























































.TABLE IV 

Mean values Jor the blood level s of the rartotu components of the “ nucleotide complex " tn the different groups of cases The criteria for 
the division of the cases are the same as $?> Table s I and II The control mean values are shenen for comparison 
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TABLE III 

Mean ualttej for haemoglobin hrcniatocrit, blood sugar, nan Protein nitrogen and ammo nitrogen levels for the different groups of cases 

The criteria for the classification of the cases are as for Tables l and II 
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Mean values for the blood folds of the various components of the “ nucleotide complex ” tn the different groups of cases The criteria for 
the division of the cases are the same as tn Tables I and II The control mean values are shown for comparison 
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refrigerator when the extracts were filtered and the inorganic P of the 
filtrate determined The remainder of the filtrate was stored m the 
refrigerator until transferred to the home laboratory The adenosine 
equivalent and the pentose content of these filtrates was determined by the 
methods used for plasma The creatine content of the filtrates was 
deteimmed by the method of Eggleton and others (12) Parallel deter- 
minations of the dry weights of the specimens were also made and the 
lesults expressed m mg per g dry wt 

3 Urine Only the usual clinical tests weie performed 

Results 
Blood chemistry 

The full clinical and chemical findings m each individual case have been 
deposited until the Medical Research Council Here we wnsh to discuss the 
mean values for the different fractions of the blood which have been 
estimated These are shown in Tables HI, IV and V , results obtained on 
acetone precipitates are not included in these tables and will be considered 
separately Table III shows the mean values obtained for the Hb, Ht, 
blood sugar, NPN and annno-N levels in the different groups of cases and 
Table IV is a similar table for the components of the nucleotide complex 
Table V gives a statistical comparison between the values obtained m the 
control subjects and those in the whole group of mjured patients The 
coefficients of variance show that the values m the latter group are muoh 
less homogeneous than in the control group Before considering the 
different blood constituents individually it should be pointed out that the 
means of the trauma group, comprising all the patients, are weighted towards 
normality by the presence m the group of slightly injured patients who 
gave values not grossly different from the controls 

Haemoglobin and Hcematocnt levels In civilian cases it was found that 
the post-traumatic state in man is associated wath hsemodilution (18) 
Hfemoconcentration m that senes was only seen after bums and abdominal 
catastrophies Here, bums and abdominal injuries were always complicated 
by haemorrhage, and haemodilution occurred, but to a less extent than in the 
other groups of injury where the fall in Hb and Ht was pioportional to the 
severity of the injury (Table III) Haemodilution continued for some days 
after injury despite transfusion A more complete description of the 
lnematological changes in this type of case has already been given (9) 

Non-protein nitrogen After injury the blood NPN (Table V) w r as 
slightly higher than usual m nonnal people of the same age group This 
initial increase was not large and was roughly similar m each group (Table 
HI) so that neither the severity of the injury nor the degree of hsemorrhage 
appeared to be determining factors 
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Blood sugar In certain groups the blood sugar level was much raised 
and a definite gradation was seen according to the seventy of the injury, 
the degree of haemorrhage, the fall m blood pressure and the nse in pulse 
rate (Tables III and V) The full explanation of this is not known It 
might be thought that the sweet dnnks v Inch many of the patients received 
before we saw them would be a major factor Tins point was investigated 
m some detail but a definite relationship could not be established Further- 
more, the moie severely injured patients who showed the largest increases 
had usualty had the least food and drink This factor can, therefore, only 
be a contributory one In vitro studies shoved that pentose does not 
mterfeie with the estimation of the blood sugai b3 r the method used so that 
the changes m the plasma pentose described below could not directly account 
for any of the increase in blood sugar observed Since the liver is capable of 
synthesising liexose from /l nboso (30) the possibility that some of the 
excess blood glucose is derived from ribose compounds released from injured 
tissues may have to be considered 

Amino nitiogen The plasma ammo-N of the injured patients did not 
differ from the level in the control subjects (Table V), nor were any of the 
different groups characterized by high mean values (Table III) Tins was 
rather unexpected since increases in tins fraction have been reported m 
animals after seveial forms of injury (25) , (13) , (22) An increase in man 
after operation has also been repoited (20) although more recently (34) this 
could not be confirmed Further study of our results showed that there 
was a relationship between the nmmo-N level and the blood sugar 
concentration, the former varying inversely with the latter The control 
series did not show this relationship, possibly because of the narrower range 
of the blood sugar values m these subjects In vitro tests showed that this 
was not due to the interference of glucose m the method used foi determining 
the anuno-N A similar relationship has been shown m man (23, 24) for 
administration of glucose lowered the level of the glutamme-hke substance 
winch is the mam constituent of the plasma amino-N (20, 21) 

Nucleotide and phosphate fractions To discover alterations m the 
distribution of nucleotide m the body after trauma the various components 
of the nucleotide complex (Inorg P, “ 7 nun ” P, pentose, adenosine) must 
be studied individually 

Mean values for the control and trauma groups (Table V) show that 
those for the plasma adenosine and pentose (A and P) fractions in the trauma 
group are greater than those for the controls and that, statistically, the 
difference is highly significant The increase in the inorganic P level m the 
trauma group is also statistically significant but to a less degree Table V 
also shows that of the six estimations which give information of nuoleotide 
metabolism the mean values for the trauma group are increased m five 
This alone is significant, for the chances of such a combmation occurring 
fortuitously are approximately 1 in 10 The biologioal significance of these 



TABLE VI 

Percentage, of caeca an each group tohtch had blood levels greater than the control mean -J- i 


EFFECT OF TRAUMA ON BLOOD AND TISSUES 


D3 

o 

Ps 

C5 

Cl 

Cl 

o 

Cl 

O 

IO 

CO 

CO 

C5 

Cl 


CO 

Cl 

CO 

CO 

r^4 

''l 

t- 

d 

1 


CO 

Cl 

5s5 

Cl 

CO 

S 

s 

a» 

Pm 


CO 

CO 


o 

o 

o 

CO 

CO 

o 

Cl 

IO 

O 

00 

Cl 

CO 

o 

c- 

] 

f 

CO 

c- 


-t 

to 

£ 

d 

** 

§• 

s 

E 

3 

Ps 

CO 

t 

CP 

-f 

o 

Id 

CO 

CO 

LO 

o 

o 

o 

o 

t" 

id 

CO 

o 

C5 

CO 

o 

id 



CO 

© 


2 •§. 

^ to 

o 

g 

3 

o 

e 

o 

"0 

< 

^3 

o 

o 

3 

0 

3 

1 



o 

o 

o 

o 

o 


o 

Cl 


1 

© 

SP 

- 

ol 

Cl to 

Inorgaiuc 

phosplmte 

t- 

Cl 

Cl 

o 

-f 


CO 

CO 

CO 

d 

o 

CO 

CO 

t 


CO 

Cl 

o 

-t 

1 

^■4 

r- 

id 


-t 

to 

5 


Slight 

Moderate 

e 

0 

1 

X 

CJ 

c 

p 

B 

o 


Slight 

Moderate 

Severe 

140 mm Hg and over 

& 

w 

© 

eo 

o 

r~-i 

100 mm Hg and below 

Under 70 

70 100 

100 and over 

Controls 

Control mean ~\~ 2<r 

X 

o 

c 

s? 

o 

p 

o 

rZ 

5 

e 

g 

3 

W-l 

•*=> 

'rQ 

=3 

o 

o 

£ 

o 

•s 

TJ 

e 

d 

o 

2 

< 

Burns 

Hrctnorrhage 

Blood pressure 

3 

£ 

i 

_o 

£ 

s 

3 

fn 


75 


-J- 2(r » two standard deviations of the control group 




























76 GREEN, STONER, WHJTELEY AND EGLIN 


lesults is increased when it is remembered that the trauma gioup contains 
cases of all grades of severity, and that in it no attempt lias been made 
to distinguish between major and minor injuries Nor have we separated 
out those cases which were transfused before examination Case 122 
(Appendix I) and Table VII show' the effect of transfusion on these 
constituents The trauma gioup is, therefoie, quite heatily weighted 
tow ards normality 

Differentiation according to the severity of the injury has been made in 
the same way as before and the means for the different gioups are shown in 
Table IV An easiei way of studying the distribution m the various groups 
is to consider the percentage of cases m each group giving values greatei 
than the control mean b> more than twice the standard deviation of the 
controls (Table VI) 

Examined in this way the values for the moiganic P and total pentose 
(A and B) contents of the plasma all show a distinct gradation according to 
the severity of the injury The number of cases giving high values for the 
phosphorylated fraction of the plasma pentose is appreciable, butno definite 
gradation according to the type of case is seen The gradation of the pentose 
values might have been more striking if more untransfused cases of severe 
injury had been obtained The mitigating effect of transfusion on the change 
in the pentose values m cases of severe musole injury is showm m Table VII 
By this method of examination the adenosine equivalent values for the 
whole blood show little change On the other hand the percentage of 
abnormal values for the adenosine equivalent of the plasma, whilst being 
lugh in many of the groups, do not show such definite gradation according to 
the seventy of the injury Trauma appeared to have no significant, effect 
upon the “ 7 min ” P level of the plasma 

table vn 

Effect of transfusion in cases of severe muscle injury on the plasma pentose fractions All the 
estimations were made on specimens of blood obtained prior to surgical operation Specimens 
from the transfused cases were obtained at varying intervals (2 to 12 hr ) after the transfusion 
of stored blood or plasma 



Controls 

Total 

cases 

Mean i alues (m 

g per 100 ml ) 

Not 

transfused 

Transfused 

Pentose A 

3 7 

6 61 

6 81 

4 72 

Pentose B 


6 00 

0 30 

6 16 

Pentose P 

21 

2 20 

2 40 

1 86 

No of oases in group 

162 

30 

22 

8 
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TABLE VILE 


Mean values for inorganic phosphate, adenosine equivalent and pentose A and P values obtained 
on the acetone precipitates of plasma from normal subjects and battle casualties Number of 
specimens in each group given in brackets in first column 


Plasma 

constituent 

Inorg P 
mg per 

100 ml 

Adenosine 1 

equi\ j 

i /xg per ml 

Pentose A 
mg per 
| 100 ml 

Pentose P 
mg per 

100 ml 

Control group 
(27) 

2 41 

(a =0 5) 

u 

O = 3) 

2 55 

(a = 0 37) 

2 19 

(e = 0 30) 

Trauma group 
(55) 

3 05 

(<r = 1 07) 

15 

(o = 12) 

3 81 

(a = 0 96) 

1 2 16 
(<r = 0 28) 

Value of t from com 
parison of means 

2 80 

1 74 

0 20 

1 

0 423 


a = Standard deviation 


The results obtained on the acetone precipitates are shown m Table 
VIII The number of casualties examined in this way is too small to be 
subdivided into the groups used above but some conclusion can be drawn 
from a study of the means Firstly it is clear the values obtained for the 
different plasma fractions in the injured patients are much more scattered 
than in the control subjects In this respect these figures resemble those 
obtained on the trichloroacetic acid extracts Secondly a statistical 
comparison of the means shows that the trauma group is significantly 
different from the controls only in respect of the inorganic P and pentose A 
values Again it must be emphasized that the trauma group is composed 
of patients with injuries of all grades of seventy Nevertheless, although 
there may be some objection to comparing the two groups m this way, the 
conclusions obtained are of some theoretical interest as will be shown in the 
discussion 

An inherent difficulty m our work was that we had no means of knowing 
the levels of these compounds m the blood of the casualties before injury 
From previous v ork it seemed that although these levels vary widely from 
individual to mdividual, in the same individual they remain fairly constant 
Consequently it would be possible for a person whose normal levels were at 
the lower limit of normality to shorv an appreciable increase after trauma 
and yet not appear abnormal when the results are examined as above 
In a small senes of cases in which specimens v ere collected before and after 
abdominal operations there was some evidence that this did occur To try 
and overcome this difficulty further specimens were taken in 26 battle 
casualties in the hope that as they recovered their plasma levels would 
return to their pre-mjury state The number of cases observed m this way 
is obviously too small for definite conclusions to be drawn However, it is 
interesting to observe (Appendix I) that, on the whole, the levels of these 
blood constituents do tend to vary with the condition of the patient, reverting 




Relationship between the clinical state of the patient and the results of blood and plasma analyses 
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TABLE IX 

Results of the analysis of muscle specimens removed at the time of operation “ Abnormal ” 
muscle = grossly damaged, non liable muscle, “ normal " muscle = viable muscle remoied 
from the wound close to the site of abnormal muscle A and B show the total pentose content 
of specimens of completely normal human muscle Results arc expressed in mg per g dry ivt 


1 

n ! 

Case 

No 

! 

State of | 

muscle , 

Creatine 

> n g/g 

Inorganic 

phosphate 

mg/g 

1 Adenosine 
eqtm nlcnt j 
mg/g 

Total 

pentose 

™g/g 

1 ; 

1 

Abnormal ” 

10 0 

3 50 

5 10 

0 00 

2 ' 

Normal ” 

0 00 

2 no 

3 24 

3 38 

1 

4 

‘ Normal ' 

12 0 

7 30 

0 79 

0 67 

4 | 

Abnormal ’ 

12 0 

0 55 

2 41 

3 73 

10 | 

Abnormal ’ 

!) 04 

2 01 

1 20 

2 00 

15 ! 

Abnormal ' 

8 25 

2 87 

2 15 

2 55 

IS 

Normal 

7 15 

2 45 

3 20 

2 75 

lb 

Vonormal 

5 24 

2 10 

1 67 

1 05 

20 j 

‘ Normal ” 

2 75 

2 20 

2 30 

2 20 

35 1 

Normal ” 

14 8 

3 20 

2 02 

4 03 

« ! 

Abnormal ” 

13 8 

3 43 

4 70 

4 02 

13 

‘ Abnormal ' 

2 42 

2 75 

0 97 

1 12 

40 

1 ■Vbnorinal " 

2 00 

2 50 

1 69 

l 14 

I 

05 | 

Normal ” 

7 37 

i 

2 70 

8 01 

3 14 

00 

Abnormal ’ 

7 50 

3 42 

3 20 

1 48 

70 

‘ Noimal ’ 

15 2 

4 15 

8 92 

0 49 

70 

Abnormal ' 

10 3 

7 00 

6 40 

0 47 

81 

1 Abnormal 

5 24 

3 24 

5 72 

3 53 

80 

‘ Normal ” 

13 0 

7 22 

6 62 

6 83 

80 

‘ Abnormal ’ 

13 06 

9 68 

6 06 

5 74 

114 

‘ Abnormal ” 

4 88 

0 72 

2 82 


122 

“ Abnormal ” 

10 3 

3 30 

9 23 

3 OS 

Mean 

“ Normal ” 

9 0 

4 1 

6 3 

4 6 

Mean 

“ Abnormal ” 

0 8 

4 3 

3 7 

3 4 

_____ 

A 

— 

— 

— 

11 85 

— 

B 

— 

— 



11 40 
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towards normal m those who recovered and showing increasing abnormality 
in those who died Tiansfusion was again an interfering factor as is revealed 
m Appendix I 

Muscle cliemisii y 

Analyses were earned out on 22 specimens of muscle removed at 
operation Fourteen of these specimens were definitely abnormal The 
remainder w r ere classed as ‘normal,” the enteiia being bleeding and 
contraction on cutting Tliej were, liowevei, removed from near the site 
of injury and one cannot vouch foi their complete normaht} The results 
(Table IX) showed that whilst the differences between the two groups weie 
not statistically significant the values obtained foi the adenosine equivalent 
and total pentose concentrations in the damaged muscle did show a tendency 
to be lower than in the so-called “ normal ” muscle Tins difference v r as 
best seen when it was possible to compare two specimens of muscle from 
the same case Comparison of the values obtained for the total pentose 
concentration m these cases with those obtained on tu r o completely lioimal 
specimens of human muscle (A and B, Table IX) strongly suggests that all 
these specimens were abnormal and gave values much lower than are found 
in normal muscle Later observations on normal muscle indicate that the 
interpretation' of these results is almost certainly that the nucleotide levels 
of muscle in and around the obviously damaged area are much leduced 

Discussion 

Whilst mainly interested m the effect of trauma on the blood chennstr} 
certain clinical features of these patients attracted our attention For 
example the resistance of the trained soldier to trauma u T a8 obviously greater 
than that of the average civilian One repeatedly saw much less general 
bodily disturbance after injuries of a given degree than we were accustomed 
to m civilian practice It has been pointed out that the pain associated 
with these severe injuries is often not severe (2) The mam complaint was 
thirst, often very intense and lasting 36-72 hours after the injur} 7 This 
thirst was not relieved by transfusion and often no attempt was made to 
relieve it by giving water by mouth, chiefly on the giounds that it led to 
vomiting and so interfered with aiuesthesia We were not convinced that 
this was a valid objection and the slow and continuous oral administration 
of water should be tried 

Plasma and blood appeared ecjually effectiv e m raising the blood pressure 
Rigors were very frequent with both At times too much stress was laid, 
m our opinion, on this form of therapy and time wasted which might have 
been better spent in operative treatment The value of early, radical 
operation which had become so apparent from our earlier work, was not 
always appreciated, chiefly due to failure to reahse the extent of the tissue 
damage The clinical estimation of the amount of damaged tissue by 
Grant’s method is extremely difficult, for the appearance of the wound often 
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gives little indication of tlie extent of the damage The post-mortem findings 
in our series (Appendix II} show ed very clearly the large amount of muscle 
damage which is associated with injuries due to high velocity missiles 
The amount of tissue damage and the degree of hemorrhage appear to be 
the factors which determine the state of the patient The estimation of the 
amount of blood loss is as difficult as that of the amount of injured tissue 
but our observations suggested that the lattei is the more important of the 
two 

Although fat embolism is a common pathological finding m patients 
dynng after trauma the clinical manifestations of the condition appeared 
more frequently m military than in civil cases While trauma seems to be 
the cause of tins condition its amount need not be very great , m one fatal 
case there were only 3 small wounds winch did not penetrate the deep fascia 
The condition is not necessarily fatal and one of oui cases recovered after 
being m coma for a week Anaesthesia seemed to play a part in precipitating 
the condition in some cases 

Estimations of inoigamc P, “ 7 mm ” P, pentose and adenosine levels 
of the blood all give information of the nucleotide distribution although m 
the case of the moiganic P the infoimation is indirect Simple comparison 
between the controls and the trauma group show's that blood from the latter 
group contains more of these nucleotide fragments and that this difference 
is statistically significant, despite the trauma gioup being diluted by minor 
injuries and by r cases that had been transfused This enhances the biological 
significance of these results as does the distinct relationship between the 
clinical state of the patient, the severity of his injuries and the changes m the 
nucleotide components of the blood Trauma in man would, therefore, 
seem to be associated watli an mcrease in the various nucleotide components 
in the blood stream Our results show the state of affairs mainly between 
2 and 12 hours after injury It is not knowm whether or not the maximum 
change in these blood components occurs during this period In view of all 
these uncontrollable variables it is perhaps remarkable that such definite 
results have been obtained For the inorganic P traction there are many 
possible sources and therefore estimations of this fraction can only give 
indirect evidence of alterations m nucleotide metabolism The volume of 
injured tissue seems to play a greater part m producing tins excess than the 
degree of haemorrhage although it is knowm from animal experiment that 
simple haemorrhage wall raise the inorganic P level of the plasma (31) 
Another faotor which must certainly play a part is the depression of renal 
function However, the size of the increases so soon after the injury suggests 
that, of itself, this is not a mam factor Possible tissue sources for this 
phosphate are numerous but in muscle, ATP forms the mam single 
phosphorus-contammg component and much of that contained m other 
compounds is ultimately derived from it From our own results and those 
of others (0, 7, 28, 30) it is knowm that ischaemia of muscle leads to the 
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breakdown of ATP with the liberation of inorganic P It is probable that 
the increase of the plasma inorganic P is, at least m part, a reflection of this 
catabohc process 

The increased amounts of circulating adenosine and pentose both 
probably arise from the damaged tissue Animal experiments (37) have 
shown that depression of renal function does not increase the adenosine 
equivalent of the blood Experiments on man have shown that morphine 
is not responsible for these increases These compounds may also be released 
into the plasma from the erythrocyte w here the concentration of adenyl 
compounds is relatively high, a possibility made more likely by the increase 
in erythrocyte fragility after trauma (35) However, hfemolysis was only 
infrequently observed and such specimens were discarded Furthermore, 
although the increases in the adenosme equivalent were almost confined 
to the plasma, slight mcreases m the adenosine eqmvalent of the whole blood 
w ere found and the increase in the mean value for tins fraction m the trauma 
group as compared with the control suggests that hfemolysis could only be 
a minor factor The possible effect of the hyperglyosemia seen m these 
patients on the estimation of the pentose levels (32) has been fully dealt 
with elsewhere (17) Dr M Bielschow sky found that the changes m the 
pentose levels could not be accoimted for by variations in the glucose content 
of the blood 

By a process of exclusion, therefore, it would seem that the majority 
of these excess nucleotide components are derived from the damaged tissue 
This can only be proved by examination of this tissue Our results certainly 
show that the nucleotide content of muscle m the injured area is less than m 
normal muscle hut agam many factors play a part m this decrease The 
mere fact that the content is low does not mean that any has been released 
into the circulation The results here are, however, comparable with those 
obtained in animal experiments (4) which demonstrated the release of 
nucleotide fragments from lschtennc muscle, but these experiments had to 
be carefully controlled by methods wlurh could not be applied to these 
human specimens 

The question remains as to whether the different substances we have 
estimated are present m the plasma, free or m a combined form If, as 
seems probable, the increases in these substances are derived from an altera- 
tion m nucleotide melabohsm in the damaged tissue then they will exist 
either as ATP itself or as a compound, or mixture of compounds, intermediate 
between this mother substance and its basic fragments This question is 
important because although the excess is m the plasma and therefore 
potentially active, there is a great difference between the toxicity of the 
basal compounds such as adenosine and mosme and the fully phosphorylated 
compounds such as ATP and ITP It is not possible from our data to make 
any definite statement on this subject The results suggest that if these 
compounds are present in a combmed form they are not present as fully 
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phosphor} 7 lated nucleotides Evidence for this is seen m the large increase 
m inorganic P and lack of change in the “ 7 mm ” P fractions The inability 
of the phosphorylated (nucleotide) pentose fraction to account for the major 
part of the total pentose is also m favour of this It has been pomted out 
here that it is only in the case of the inorganic P and total pentose that the 
results obtained on the acetone precipitated plasma of the casualties differ 
from the controls Whilst the exact nature of the compounds precipitated 
from plasma by acetone is not clear, it is known that the more fully 
phosphorylated compounds are more completely precipitated by this agent 
Consequently these results are also m favour of the occurrence of the lover 
compounds although some phosphorylated forms must be present The 
increase in the adenosine equivalent of the plasma suggests that the purine 
nbose linkage is preserved since adenine is not estimated by this test When 
the values for the adenosine equivalent and pentose of the plasma are computed 
it also seems likely that deaminated forms of these compounds are present 
The general conclusion is that the plasma levels are increased by an influx 
of nucleotide breakdown products m which a mixture of nucleosides 
predominates 

This general conclusion is in close agreement with previous results for 
ne have shown that the adenosine equivalent of the blood is inci eased after 
limb iscluemia, direct muscle trauma, bums and other forms of injury in the 
rabbit (37, 38, 40) and after experimental hmb iscluemia m man (39) We 
liavo also shown that these types of trauma are associated with increases in 
both the total pentose and its phosphorylated fraction m the plasma of the 
rabbit and rat (19) Similar lesults concerning the plasma pentose (32) 
and the adenosine equivalent have been reported by others (5, 8, 26) 
Trauma would appear to be accompanied by an influx of nucleotide break- 
dowrn pioducts into the circulation These substances may play a part in 
the production of the general bodily reaction to trauma but no definite 
answ r ei can yet be given to this question 


Summary 

1 Observations on 177 battle casualties and 164 healthy soldiers are 
repoited The nucleotide distribution m the blood and m muscle at the site 
of injury was particularly studied 

" 2 Haemodilution was a constant finding and except in burns- and 

abdommal injuries the fall m haemoglobin and hssmatoent values was 
proportional to the seventy of the injury 

3 Hyperglycsemia was a prominent feature and its degree also varied 
with the severity of the injury 

- 4 The plasma amino-N level was not raised but bore an inverse 
relationship to the blood sugar level 
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5 In the trauma group, considered ns a whole, the adenosine equivalent 
and the total and phosphor} lated pentose lev els of the plasma trichloroacetic 
acid extracts acre greater than the control levels by amounts which wero 
statistically highly significant The inorganic phosphate level was also 
significantly raised after injury' The acid labile phosphate level was 
unaffected There was a slight but statistically insignificant nse in the 
adenosine equivalent of the whole blood 

G The initial values for inorganic phosphate and total pentose, but 
not for the adenosine equivalent or phosphorydated pentose, showed a 
gradation according to the sev erity of the injury' 

7 Similar determinations on the acetone precipitates of plasma in 
55 battle casualties showed that the trauma group differed significantly' 
from tho controls only m their inorganic phosphate and total pentose levels 

" 8 Follow-up observations on 25 patients showed that the levels of tho 
blood nucleotide fractions vary' with the clinical condition of the patient 

' 0 Twenty-two specimens of muscle from the site of injury were 
examined No significant differences between injured and nearby “ normal ” 
muscle were found but tho results as a whole almost certainly indicate that 
the nucleotide content of the muscle m and around the wounded area was 
much lower than in normal muscle 

10 Considered as a whole these findings support tho view', already 
established in animal experiments, that trauma in man is associated with a 
redistribution of nucleotides within the body 

11 Certain chnical features of severely injured men are discussed and 
a summary of the post-mortem findings is given in Appendix II It is noted 
that the volume of muscle damaged may’ be commonly underestimated 
The extent of this damage is probably of great importance in determining 
the chnical condition of the patient 

APPFNDIX II 

Post mortem investigations on battle casualties 

X in o toon eases in our senes of 177 battle casualties died and a complete nutopsj was 
performed on 1G of these The causes of death in theso cases were ns follows — 


Cause of death I Xo of cases 


Musclo trauma and hremorrhago G 

Hiemorrliago into pleural cavitv 2 

Fat embolism 3 

Traumatic anuria 1 

Tension pneumothorax 1 

Peritonitis and muscle trauma 1 

Aspirated vomit 1 

Xot disco\ered 1 
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This tnblo omphasizos tho importance of musclo trauma and hromorrhngo m producing 
death One of our main interests m carrying out post nlortom investigations on those cases 
was to dotormino tho amount of musclo damaged by tho injury In oiory case wo found that 
tho amount of musclo damaged by those skolotal injuries was \ory much greator than wo had 
anticipated Tins was ospocially truo of buttock wounds where the amount of damaged musclo 
was often enormous Tho volumo of internal lucidorrhngo was also greater than had been 
imagined beforo death 

Tho commonest causo of doatli uas musclo trauma combined with htomorrhage In these 
cases tho lolumo of damaged musclo was no\or loss than 2 fistfuls whereas tho degree of 
hamlorrhago \nnod from slight to so\oro which may indicate that musclo trauma is tho moro 
important factor It also soomed that tho only way of assessing tho amount of damaged muscle 
in a pationt is to draw on tho experience gained from autopsies m sunder casos 

In tho 3 fatal casos of fat ombolism, 2 had injuries below tho knoo necessitating amputation 
and tho otlior which wns of tho pulmonary typo had 3 superficial wounds not oxtonding below 
tho doop fascia Fat Mas demonstrated lustologically in all the organs and especially in the 
lungs, wlucli woro vory oedomatous Small amounts of fnt wero found in tho lungs, but not the 
otlior organs, of all but 3 of tho remaining fatal cases 

Evory enso showed somo pulmonary abnormnhty, usually ccdoma (14 cases) Both tho 
degreo of musolo injury and tho volumo of fluid transfused seemed to mflitenco the seionty of 
tho oedema, but it wns not clonr from tho a\ ailnblo data which was tho moro important Other 
common changos in tho lungs woro ah color hiemorrhngo (0 cases) and patchy collapse (8 cases) 

In addition to tho ono enso of traumatic anuria tho kidnoya wore histologically abnormnl 
in 5 otlior cases Tliov showod \arymg dogrees of dilatation of tho con\oluled tubules with 
flattening of tho opithohum and amorphous mntennl in tho lumen No pigmented casts were 
soon Thoso 5 enses all had considornblo amounts of dnmngod musclo ranging from 2 to 31 
fistfuls, oxcopt for ono in which tho h\or wns extensively dnmngod 

Tho mam unprossion gainod from thoso post mortem studies wns tho largo amount of musclo 
damngo which accompanies injuries of this typo and its importance in determining tho outcomo 
of tho caso 
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DEPOSITION OF ADIPOSE TISSUE BETWEEN OCULAR MUSCLE 
FIBRES IN THYROTOXICOSIS * 

Bj E E POCHIN and F F RUNDLE 

( From the Department of Clinical Research, U nncrsihj College Hospital 
Medical School and the Surgical Unit, St Bartholomews Hospital) 


lx the course of an investigation of the orbital changes in exophthalmos, 
the eje muscles of thyrotoxic patients were found to be abnormally rich in 
material extractable with ether On chemical analysis of tissue obtained at 
autops\ the ether extract of the eje muscles Mas increased from 8 1% in 
controls to 13 S% in seventeen thyrotoxic subjects Histological material 
from certain of these cases has non been studied to determine the character 
and location of the abnormality The human eye muscles nre noimall} rich 
m adipose tissue cells Ijing in strands between the muscle fibres 
In thyrotoxicosis this tissue is increased, ns was observed bj SilcocL in 
ISSO (3) and studied in detail by Ashanazy m 189S (1) who described it ns a 
“ general lipomatosis ” of muscles These observations lmx e since been 
confirmed and discussed bv Schutz (4) and v Znlka (5) In the present 
paper the change is examined quantitatn eh and related to the chemical 
findings in the same muscles 

Method 

The orbital contents were remo\ed postmortem The eje muscles were 
then dissected clear of fascia and adherent adipose tissue, and split 
longitudinally into two parts One part was examined chemicalh b\ a 
method described earlier (2), being first dried and then extracted with ether 
in a Soxhlet apparatus The second part was pinned out under slight 
longitudinal tension fixed m 7% formol saline and frozen sections cut and 
stained with Sudan HI One estimate of the fat content of the muscle was 
obtained b\ expressing the weight of ether extract as a percentage of the 
wet weight of the muscle A corresponding histological estimate was 
derived from measurements of the tissue staining with Sudan III One, 
two or three sections from different areas in the muscle were examined 
The image of each section was projected on to paper on which wastracedthc 
outline of the strip of muscle and that of each group of fat droplets The 


* Work undertaken on behalf of the Medical Be-earth Council We are indebted to Miss 
\ Muir and Whs P MacDonald for the mam measurements lmolved m this work 
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total areas were determined with a planimeter, and that occupied by groups 
of stained fat dioplets was expressed as a percentage of the area of the 
section 

In certain cases a higher magnification of about 20 diameters was also 
used, so that the outline of the section and that of fat deposits and many of 
the individual fat droplets could be traced on to graph paper It was shown 
by this more accurate but laborious method that the simpler technique of 
outlining groups of droplets onfy, over-estimated the area occupied by 
stained fat by an average of 20% Most of the stained fat lies m dense 
clusters of globules (Fig 3), which largely fill tlio areas occupied by adipose 
tissue strands m the muscle, and the difference between the methods pre- 
sumably depends on the closeness of packing of the globules, which appears 
to be similar in different muscles Results by the simpler method have 
therefore been corrected m tins proportion 

Errors involved in tins approximation are likely to be small compared 
with those due to inadequate sampling of the muscle Diflerent sections 
from the same muscle often differed greatty m the percentage of the area 
stained, and individual values had an average standard deviation of 31% 
of the mean value for all sections from the muscle Results m individual 
eases are therefore variable, and findings m groups of subjects have been 
examined 

B3' neither method of examining sections were am r dioplets within 
muscle fibies recorded, and measurements estimate only an adipose tissue 
fat content of the muscles It is therefore possible to distinguish between an 
mciease of fat due to a raised adipose tissue content, and one due to infiltration 
of the fibres themselves by suoli material 

Results 

In the eye muscles from the normal subjeots that, have been examined, 
Btamed adipose tissue globules occupied 5 1% of the muscle area whole 8 1% 
of the muscle was extractable with ether Taking the specific gravity of fat 
at 0 8, about 78% of the “fat” determined chemically w r as recogmsablo 
histologically In the eye muscles from thyrotoxic subjects, both figures 
w r ero laised, and in about the same proportion Thus 9 7% of the muscle 
area was stained, w r hile 15 5% could be extracted until ether, 75% of the 
chemical “ fat ” being identifiable m adipose tissue 

The results in Fig 1 give average values separately for the difteient 
eye muscles, since it is known that these muscles normally diffei in their fat 
content In mdividual sections, the chemical and histological estimates 
were often very discrepant, and even the average values shown m Fig 1 for 
groups of sections from the same muscle, are hable to substantial uncertainty 
It well be seen, however, that in general the average values foi all muscles 
are incieased m thjrrotoxicosis, both m the chemical and histological 
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estimates of fat, and that these estimates maintain broad!} the same 
relationship as m normal subjects A 00% increase in the chemical value 
in these thyrotoxic muscles was associated with an S'5% increase in adipose 


Hiriolo qiccl 

Fct area 4 tj Sudan HI 



1 ig 1 Fnt content of difTircnt orbitnl muscles ns emanated bj histological and cliemicnl 
methods tor each muscle the line joins two points T, indicoting the menu histological 
and chemical fat content of the thvroto’cn muscles , and N at the mean \nlue for normal 
muscles The line through the origin represents cqimnlcnee of the estimates on a basis of 
speufie grunt! 0 8 for fat 

I 1’ S — locator palpebr® supenons 
I It — inferior rectus 

S It — superior rectus 

I 11 — literal rectus 

I O — inferior oblique 

tissue fat The latter continued to account for about three-quarters of the 
amount of material extractable until ether It can therefore be stated that 
it least the majority of the chemical change is due to an increase in the 
amount of adipose tissue fat contained between the fibres of the muscle It 
is not possible to state whether other sites of fat deposition in the muscle 
also participate, since the measurements do not account for the whole of the 
chemical fraction The residue mav be due to small globules of adipose 
tissue fat to fat or other extractable materials contained within the muscle 
hhre or to volume changes on hxntion Since however demonstrable 
globules of adipose tissue fat continue to form a normal proportion of the 
total fat in thyrotoxicosis, and are responsible for the bulk of the change, 
it seems at least probable that the observed effect mat, be due solela to an 
increase m muscle adipose tissue 
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It is significant that the change m this respect appears to be a propor- 
tionate increase in the normal adipose tissue content This may he compared 
with the chemical finding (2) that the increase in the different eye muscles 
was in each case proportional to the normal fat content of these eye muscles 
Tliroughout, the changes are suggestive of an exaggeration of the normal 
adipose tissue within the muscle rather than of the addition throughout 
thfi orbital muscles of an abnormal tissue or material m amounts which would 
presumably not be directly related to the normal fat content It is most 
suggestive that in a study of the orbital tissues, the fat content of the 
lacrimal gland and that of the orbital adipose tissue mass generally were 
found to be increased (2) The findings are consistent with an increased 
deposition of adipose tissue throughout the orbit 

TABLE I 


Mean diameter of fat globules in orbital muscle adipose tissue ( value in micro) 


Muscle 

Control 

subjects 

Thyrotovie 

subjects 

Levator pnlpebrtu superiorly 

31 

24 

Superior rectus 

42 

23 

Lateral rectus 

31 

23 

Infonor rectus 

41 

27 

Inferior obhquo 

42 

23 

Mean value 

37 

24 


An increase in muscle adipose tissue fat might be due to an enlargement 
of the globules m existing cells, or to the formation of new cells In the 
former case, the mean diameter of globules should be increased, whereaB m the 
latter it might have any value, depending on the mode of development of 
new cells, but should piesumably be decreased while new pells are developing 
We have, therefore, compared the .size distribution of fat globules in 
thyrotoxic and control muscles Counts were made on all sections using a 
micrometer eyepiece and estimating the diameter of 50 to 100 successive 
droplets in each section Sections from thyrotoxic and control subjects 
were numbered and presented m a random order, the observer being ignorant 
of the nature of each section It was found (Table I) that the mean diameter 
of globules from thyrotoxic muscles was 64% that in controls The 
distribution of diameters sliou ed an excess of small globules with diameters 
of from 10 to 60% of the normal average value (Fig 2) From the areas 
stamed with Sudan in it has been shown that the total volume of fat globules 
is increased by an average of 85% in thyrotoxic muscles Smce this increased 
volume is formed by globules of smaller mean diameter, the numbei of such 
globules per unit volume of muscle must be increased The extent of tins 
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increase has been calculated from the diameter distribution and the volume 
increase It is found that the number of globules m thyrotoxic muscles is 
2 (3 times that m controls The mcrease in number of adipose tissue cells 
cannot be stated but, since smgle cells are unlikely to contain multiple 

Percentage 



Fig 2 Distribution of fat globule size in orbital muscles showing a relatno excess of globules 
of small diameter in thyrotoxicosis Open circles and continuous line normal subjects 
Discs and interrupted line thyrotoxic subjects (1 micrometer division = 13 5ji) 


globules of the size observed it is probable that the number of cells per unit 
volume of muscle is correspondingly increased Moreover, the orbital 
muscles are increased in weight m thyrotoxic subjects with simple 
exophthalmos, even when the fat-free muscle weight is considered (2) 
It is unlikely therefore that the increased adipose tissue is simply a residue or 
a replacement of degenerated muscle fibres as has been suggested (4, 5) It 
represents new tissue mcreasmg the total bulk of the muscles 


Summary 

1 Strands of adipose tissue cells normally he between the fibres of 
the skeletal eye muscles The quantity of such adipose tissue is increased 
in thyrotoxicosis by about 85% 

2 The increase is proportional to the increase m the ether extract 
of these muscles reported previously 

3 It is associated with a decreased mean diameter of the fat globules, 
and therefore with an increased total number of adipose tissue cells 
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Fig 3 Section of le\ator palpebne supenons muscle from a case of thyrotoxicosis, stained 
with Sudan III and showing copious strands of adipose tissue between muscle fibres 
(magnification X 10) 




LOCAL DEPOSITION OF ADIPOSE TISSUE, EXPERIMENTALLY 

INDUCED * 


By E E POCHIN 

( From the Department of Clinical Research, University College Hospital 

Medical School ) 

When a body structure decreases in size or is removed, the surrounding 
tissue will commonly be displaced so as to occupy the space thus omptied 
The present work was done to ansv er the question what material or struc- 
ture is deposited m a cavity created v itlnn the body, if adjacent tissues are 
prevented from filbug it i This problem arose from a study of thyrotoxic 
exophthalmos (3) when the increased space behind the proptosed eye was 
found to be largely filled with adipose tissue The total quantity of orbital 
fat was increased, excessive adipose tissue was found m the skeletal eye 
muscles (2), and the ether extractable fraction of the lacrimal gland was 
probably also increased The question then arose whether the morease of 
adipose tissue caused or resulted from the forward displacement of the eye 
Was the eye pressed forward by accumulating fat behind it , or did it 
prolapse forward, for example because the rectus muscles were weak, with 
adipose tissue secondanly filling the space so created behind it? The first 
possibility involved a deposition of fat in several different structures lying 
m the same anatomical region, and occurring m the course of a wasting 
disease It nas difficult to see what common pathological factor would be 
likely to cause primary changes of the type observed The second possibility, 
that the deposition was a more physiological process to fill the increased 
space behind the eye, could not be considered until it was known what 
material would fill any such space as it developed 

An attempt has therefore been made by animal experiment to create a 
cavity within the body -with as httle local trauma as possible, and to study 
the changes occurring within it It seemed likely that any local excision of 
tissue would be followed by too great and variable a surrounding tissue 
reaction and haemorrhage to give clearcut results It was also necessary 
that the cavity should not become closed simply by the collapse of 
surrounding tissues into it In the rabbit however, it was possible to create 
a suitable cavity, by introducing a small perspex frame subcutaneously 


* Work undertaken on behalf of the Medical Research Council 



08 


POCHIN 


under the Iooso nnd mobile dorsal skin Tins frame could be introduced 
botweon the skin and the dorsal muscle fascia, with very little trauma to 
the tissues immediately smroundmg it The contents of the cavity so 
formed could bo studied eithei by aspirating samples or bj' killing the animal 
and dissecting any newly foimed tissuo lying within the limits of the frame 

PERSPEX FRAMF 



END VIEW 

Fig 1 End nnd plan new 



PLAN 

perspev frame (nnturnl size) 


Method 

A perspex frame w as made by rigidly joining tw o D-shaped endplatcs 
by means of tv o perspex rods of J -mch dmmctci (Fig 1) The joints betw een 
the rods and plates were smoothed off and cemented, and all edges were 
bevelled off The fiame w r as nisei ted subcutaneously by aseptic operation 
A tw'o-inch incision was made in the mid-lateial lino through the skin and 
down to the fascia cohering the muscles of the body wall The doisal skm 
was readily lifted by blunt dissection from the undeilymg muscle fascia 
The fiame was then introduced into the space so formed so that its base 
rested on the dorsal fascia m the mid lmo, the base being shaped to the 
contour of these muscles It w as held in position by ligatures attached to 
holes m its base and drawn tluough the dorsal muscles The cavity within 
the frame w r as thus aim minded by abnost normal tissues Bleeding at the 
sito of the frame was negligible The skm incision, winch was closed by a 
continuous thread sutuie, was remote from the position of the frame when 
the skin fell back into position The incision in all cases healed by first 
intention The air introduced with the frame at operation was ordinarily 
left, but m certain experiments it was lomoved by aspiration after suturing 
the skm In these oases, the dorsal skm wavs at first drawn m towards the 
cavity, fomung folds lound the perspex bars, but these bars prevented 
surrounding tissue from filling the cavity Clinical evidence of infection w r as 
seen m one case only and animals show r ed no sign of pam or discomfort 
when the area of the frame w r as palpated The dorsal skm slipped easity 
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over the frame and appeared undamaged by it The animals were given a 
diet of approximately a half pound of pellets having the following composi- 
tion — grass meal 30%, bran 16%, ground nut cako 16%, linseed cake 10% 
barley meal 20%, meat and bone meal 8%, calcium carbonate 1%, sodium 
chloride 1% When killed, they were m good condition with the normal 
subcutaneous and intra-abdominal fat deposits veil filled 

Samples of the contents of the cavity were obtamed by aspiration of 
fluid through the skin in a few cases, or by dissection at autopsy The 
composition of gas samples was not studied In fluid samples total protein, 
albumin and 11011 -protem nitrogen w ere determined by Kjeklahl estimation 
Tissue samples were grouped according to their origin from the continuous 
sheet of tissue or capsule forming over the convexity of the frame , from 
sheets of tissue for min g in apposition with the endplates on their outer 
aspects , or from within the cavity, that is, between the endplates above 
the level of the dorsal muscle fascia and below the sheet of tissue forming 
over the convexity of the frame In most eases, the whole of the tissue from 
within the frame was received into dried filter paper tlumbles in weighed 
bottles In some cases an aliquot was sectioned and stamed Tissue 
samples examined chemically were weighed after drying to constant weight 
at 106°C and after ether extraction to constant weight m a Soxlilet apparatus 
Frozen sections were stamed with Sudan III 

Fesults 

The material formed within the frame has been examined in animals 
killed at lanous intervals with the results shown m Table I The cavitj 
first becomes encapsulated and fills with fluid This fluid is becoming 
replaced by solid tissue about eight weeks after inserting the frame This 
tissue is initially fat-free but its fat content increases progressively after 
about the seventh week 

To avoid repeated killing of ammals, the earliest changes have been 
studied in more detail by aspirating small samples of the fluid contents of 
the cavity in a few ammals While this procedure may in itself alter the 
course of changes, either by reducing pressure or by increasing chances of 
infection, the animals so studied have shown changes similar on autopsy 
to those in animals from which samples have not been taken Unless 
withdrawn at the time of operation, air introduced with the frame remains 
for the first w eek, after w Inch gas is no longer obtained by aspiration 

Formation oj fluid Fluid maj be obtained from the canty m small 
amounts in some cases on the first day after operation, and freely on the 
second or third day Such fluid can usually be found, either by aspiration 
or at autopsy, until about 10 weeks from insertion of the frame, and a small 
amount was present m one case at autopsy after 131 days The fluid is 
commonly of a clear yellow colour, although sometimes containing blood 
Its protein content is high, and has been found to bear a clear relationship 
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Data for rabbits 8 2 and 1 are based on samples and not on total amounts and are therefore incomplete 
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tv fiic interval smeo inserting the frame Thus the mean value in the 
four animals repeatedly aspirated rose from 3 0% on the second day to a 
maximum of 4 8% at about the tenth day, and then fell progressively, 
reaching 4 3% on the twentieth day The two animals that were again 



Fig 2 Protein concentration of fluid former! plotted against dojs Bincc insertion of the frame 
Different symbols represent different animals Mean plasma profem concentration 0 15% 


aspirated and animals killed at later periods, show that this fall continues 
ns in Fig 2, and the fluid sample obtained at 131 days contained 2 2% 
protein The ratio of albumm to globulin has not varied consistently with 
the change in total protein, and has had an average value of 3 3 The 
non-protein nitrogen has averaged 32 mg per 100 ml In these animals 
the plasma protein concentration has av eraged 6 2%, with a ration of albumin 
to globulin of 3 0 and non-protein nitrogen 30 mg per 100 ml The 
mechanisms underlying the protein accumulation and remov al have not been 
examined Although the frame was inserted with sterile precautions and 
clinical infection of the area was only once observed, mild infection cannot 
be excluded as a cause of capillary permeability and hence of the high protein 
content of the fluid Aspirated samples were plated onto blood slopes and 
into serum broth m two animals and were found to be bghtly infected with 
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11011-pathogenic organisms m the first few days, subsequent samples being 
sterile It is thus possible that the rise of protein concentration in the 
first few days is inflammatory in origin 

F onnation of tissue In animals lulled within a few weeks of operation, 
the only new tissue found was a capsule surrounding the frame itself and 
forming a sac containing the fluid In those killed later, much or all of the 
space within the frame was occupied by sohd tissue (Figs 3 and 4) The 
transition from fluid to solid contents evidently continued from about the 
fifth to the tenth week and varied in its development m different animals 
As judged from animals killed between these times, tissue is formed first 
round the longitudinal perspex bais, and m the floor of the space and 
particularly' in the centre of the floor The fluid sac thereby' becomes broken 
into an houiglass shaped cavity The two roughly' conical compartments 
formed have tlieir bases on the inner aspects of the endplates As tissue 
continues to form, the tu'o cavities containing fluid dwindle to shallow spaces 
lying against the inner aspects of the tivo endplates 

The margins of the new tissue appear to be determined by the way m 
which the skm sw'eeps up over the fiame from the surrounding areas of back 
At the ends, the skm uses onto the frame m a smooth curve from the adjacent 
area of back, and does not exactly' fill the angle between the endplate and 
the area of back immediately' outside the frame When the skm is removed, 
it is usually found that the corresponding area against the outer aspect of 
the endplates is covered with a sheet of tissue which is thickest at its base 
New' tissue also fills the areas lateral to the frame over winch the skm sweeps 
m a smooth curve onto it Here the tissue has a greater lateral extent near 
the endplates of the frame than opposite its centre In each case therefore 
the new tissue is closely moulded to the arrangement of the overlying skm, 
even though the skm is freely mobile over the frame and nowhere fixed to the 
tissue The new r tissue thus appears to fill the local cavities formed outside 
and around the frame, as well as the mam cavity within it 

It is clear on several grounds that the new tissue is not simply laid down 
around the perspex as a foreign body' Firstly, while the outer surfaces of 
the frame are surrounded by a capsule, the mnei aspects of the endplates 
develop no coveung of tissue until a late stage when the fluid is finally 
replaced by a unifoim tissue mass throughout the canty' Secondly', the 
tissue distribution round the frame clearly conforms to the pattern of local 
cavities rather than to a simple envelopment of the perspex Thirdly, m 
two control experiments, perspex plates curved to follow the outline of the 
subjacent tissues have been inserted and ligatured in a subcutaneous position 
corresponding to that of the frames These plates are found only to be 
surrounded by thin capsules even though left m place for long periods, and no 
other tissue mass develops round them The reaction to a foreign body 
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thcieforc, while prolmblj responsible for the capsule surrounding the frame, 
does not adequately account for the further growth of tissue filling either 
the cavitj of the frame or the local cavities round it 

Composition of tissue and formation of adipose tissue In histological 
structure and chemical composition, the tissue first formed appears to be 
fibrous tissue, containing only traces of fat (Table I) In tissue remoied 
after lesb than se\cn weeks, ether extract lias formed less than 2% of the 
total weight, water forming 80% of the remainder In two animals lulled 
after 5 4 and 07 daj r s, small but probably significant amounts of fat were 
found, ether extract comprising 15 and 3%, and water 86% of the remainder 
At this stage free fluid was still present below the frame, but in small 
amounts and with a low protein content In three animals killed after 
eight weeks or more, fat has been found in substantial amounts, forming 
an merage of about 60% of the tissue mass Water has formed 79% of 
the remainder of the tissue In only one of these animals was free fluid 
found 

Histologically, in material removed after less than eight weeks, adipose 
tissue appears sparsely , often as short chains of cells containing fat globules 
which coinmonh run parallel, and near, to blood \essels (Fig 6) Material 
remo\ ed later than eight w eeks has contained masses of apparently normal 
adipose tissue with closely packed fat globules staining with Sudan III 
(Fig 0) 

Since the adipose tissue deielops in this way within a mass of initially 
fat-free fibrous tissue, it cannot be regarded as baling been merelj displaced 
into the canty of the frame from surrounding areas Indeed, the frame is 
introduced into a space containing onlj occasional strands of areolar tissue 
and no nsible adipose tissue The overlying subcutaneous tissue remains 
intact and freelj mobile o\ er the frame, and its fascia is uninterrupted and 
glistening w hen the frame is remo\ ed, so that the car ity does not appear to 
communicate with the subcutaneous adipose tissues Similarly the dorsal 
fascia deep to the frame is uninterrupted except at the site of the tw o ligatures 
and where \essels course over it to \asculanse the contents of the ca\ity 
Little fat is, in am case, associated with tins fascia Dorsal fascia sheets, 
equal in area to that of the base of the frame, haie been found to contain 
onlj 0 1 g of ether extract or less (Table II) The capsule surrounding the 
control perspex plates has also been examined for fat and also contained onlj 
about 0 1 g of ether extract (Table II) Evidentlj', therefore, the adipose 
tissue masses found in the cavitj of the frame result from growth and 
deposition rather than from displacement of adjacent tissues 

In a few animals, the fluid contents of the frame cavity have beenremoved 
daily after insertion of the frame At first, fluid with a high protein content 
reforms within a day of each removal After about a week, however, the 
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TABLE 11 
Control data 


Rabbit 


Ether 

Number 

Tissue 

extract 



grams 

5 

Surrounding plale 

0 11 

7 

ft ft 

0 07 

5 

Dorsal fnai in 

0 OS 

7 

M 

0 00 

10 

tt »T 

0 10 


cavity becomes filled with tissue and fluid can no longer be obtained In 
two animals so treated and killed at 20 days, 7 2 and 7 4 g of tissue had 
formed This mass was gi cater than was found m unaspirated animals 
which at this stage had formed no tissue within the cavity and only formed 
smaller amounts later after insertion of the frame It seems possible, there- 
fore, that a cavity is more rapidly filled by solid tissue if its fluid content is 
repeatedly removed 


Discussion 

One of several physical mechanisms might be responsible for initiating 
the sequence of tissue changes that occur within a cavity of the type described 
In the first hours aftor the frame is introduced, the hydrostatic pressure 
within its cavity may be below that of the surrounding areas This is clearly 
the case if air is withdrawal at the time of operation, when the overlying 
skin remains somewhat drawn into the cavity for hours or days Once 
fluid has formed, this pressure difference must be much reduced or abolished 
Presumably then the pressure m the cavity will approaoli capillary pressure 
in so far as the osmotic pressure of the cavity fluid approaches that of plasma , 
and fluid wall bo diawai ftom the capillaries into the cavity until this 
equilibrium is reached The elasticity of the skin may still, however, reduce 
the tissue pressure locally in certain regions Where the skm is drawn down 
into an angle between the frame and the back, instead of sweeping more 
directly from the summit of the frame to an adjacent area of back, the skin 
elasticity may tend to shorten this skin-fold and hence have a “ suction 
effect on the underlying tissues m this angle The distribution of new' tissue 
m the angles or subsidiary cavities surrounding the frame would be consisted 
with a mechanism of this Bort , but it is hard to believe that the reductions 
m tissue pressure so produced would bo large Further work is required on 
this point and on the factors influencing fat deposition The information 
available on this subject has been discussed by Cameron and Seneviratne ( ) 
who emphasise the laok of quantitative information on growth and repair 
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of adipose tissue The present experiments raaj offer a method for closer 
study of some aspects of adipose tissue de\elopmcnt and the local factors 
which initiate it 

Whatever the phjsical mechanism imohed, adipose tissue maj be 
deposited to fill cavities created within certain parts of the bod} It is 
clearl} possible that, In a similar process, fat 111 a} be progressnel} laid 
down to replace a slowl} wasting structure or to fill a slowly increasing 
space In situations where adjacent structures cannot occupy the space, fat 
deposition mav thus pre\ent a cavitv from de\ eloping The replacement of 
atrophic bone marrow In fat ma\ be a comparable process and other possible 
examples require investigation In particular, it might be anticipated that, 
if the e}e prolapsed forward progressnel} from weakness of the orbital 
muscles adipose tissue would fill the increased retrobulbar space Such an 
explanation for the orbit tl findings m simple thyrotoxic exophthalmos 
evident lv deserves examination therefore, but is clearlv not established bv 
the present findings and lias indeed serious objections on other grounds 

The local distribution of subcutaneous fat in man resembles in certain 
respects that of the adipose tissue forming around the perspex frame in the 
rabbit On the antero-lateral aspect of the upper arm, the subcutaneous 
fat as estimated In skm-fold measurements, is thin over the belhes of the 
biceps and triceps muscles Between these muscles, however, the fat 
thickness increases considerabl} , and a pad of fat occurs constanth in this 
situation which is about twice as thick as the Ia}er over the muscle bellies 
Similar local thickenings mav be found filling in the angle between the lower 
border of gastrocnemius and soleus, or surrounding but not covering 
prominent bom points The smoothing or ‘ rounding off ” of the skin 
contour so produced is a famibar anatomical feature It is possible that 
local conditions in the sulci between prominent muscles or structures are 
similar to those in the angles or subsidiary cavities aroimd the frame In 
each situation fat is deposited in such a vvn} that the overlying skin is drawn 
less closel} down into the angle between the subjacent tissues, and passes 
more direct!} from crest to crest of adjacent prominent structures It 
seems likel} that the same local factors which cause deposition of adipose 
tissue m and around the frame mav be responsible for the moulding of 
subcutaneous fat in man 


Summary 

1 A small perspex frame has been introduced subcutaneoush in the 
rabbit between the loose dorsal skin and the underlying muscle fascia The 
material filling the cavitv within this frame has been examined at different 
times subsequentlv 

2 The cavity is filled first with a clear fluid of high but graduall} 
falling protein content (Tig 2) 
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3 After seven weeks, the fluid is being replaced by fibrous tissue 
(Table I) 

4 After ten weeks, this tissue is being replaced by adipose tissue 
(Fig 6) which comes to form one third oi more of the total tissue mass 
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Fig 5 Fig 0 

Fig 3 Tissue formed within the eavitj of the frame, seen nfter reflection of skin nnd before 
removal of the frame (natural size) 

Fig 4 Tissue mass after removal of frame (natural size) 

Fig 6 Tissue from within frame m rabbit 0 nfter 07 days Stained Sudan HI, magnification 
X 85 Strands of small fat globules he parallel to blood vessels in fibrous tissue 
Fig 0 Tissue from within frame m rabbit 4 after 131 dajs Stained Sudan HI magnification 
X 85 Hasses of large fat globules occur throughout the section 




THE PLASMA IODIDE CLEARANCE RATE OF THE HUMAN 

THYROID * 


By N B MYANT, E E POCHIN and the late E A G GOLDIE 

( From the Department of Clinical Research, University College Hospital 

Medical School ) 


The radioactive isotopes of iodine have been extensively used to follow the 
iodine metabohsm of the body since they are metabohsed in the same way 
-as normal iodine, and since the distribution of a test dose can be followed 
and measured by means of its radioactivity Such measurements are highly 
sensitive and a dose can be used which is small enough to produce no deteot- 
lble change in the normal iodine metabohsm, which is therefore accurately 
sampled by means of the isotope This technique lias been widely used on 
animals and m the study of thyroid metabohsm in vitro, and is of particular 
value in man, since the gamma radiations emitted by the isotope pass 
through the tissues and oan be detected by a Geiger counter plaoed opposite 
the thyroid gland 

Radioiodine was used in the study of human metabohsm m 1939 by 
Hamilton and Soley (7) who had shown previously (6) that the absorption 
of oral radioiodide into the tissues could be followed by an external counter 
in man In normal subjects, 60% of a dose was excreted m the urine within 
24 hours The subsequent excretion rate fell exponentially with a half 
period of about 9 hours Excretion was more prolonged ill cases of 
myxcedema The same authors in 1940 (8) used the isotope to follow the 
course of lodme uptake by the thyroid, using a counter placed on the skin 
over the thyroid isthmus, and found differences in the general course of the 
uptake curve m thyrotoxic, normal and hypothyroid subjects The radio- 
lodine was given with 14 mg of normal iodine as “ carrier ” This work 
was extended in 1942 by Hamilton, Soley, Reilly and Eickorn (10) m a 
study of hypothyroid and normal children, using doses with a low content 
of normal iodine It was shown that the forms of the uptake curves were 
profoundly influenced if the earner dose of noimal iodide was high 
Radio-autographs were used to study the histological distribution of the 
radioiodine within the gland 


* Work undertaken on behalf of the Medical Research Council We are indebted for help 
in this work to Mr A J Honour, I W J E\ans and E D Roaen 
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Later work lias extended each use of radioiodme m the study of human 
metabolism by radio-autography , by analysis of urinary excretion , and 
by measuring the course of the thyroid uptake Radio-autography has been 
apphed particularly to identify areas of iodine concentration within glands 
removed at operation (6, 0, 15, 1G) and gives detailed results if adequate 
doses of ladioiodme are used It offers, however, no measure of the rate of 
iodine metabolism by the thyroid A study of the urinary excretion of a 
test dose has been more fruitful in the analysis of thyroid activity The 
percentage of the administered radioiodine excreted witlun one or more da} r s 
has been repeatedly determined both in tracer experiments (11, 14, 22, 23, 
24, 25, 26), and in the course of therapy with tlus isotope (3, 4, 12, 17) 
It 1ms been shown that excretion is almost entnely m the urine, and its rate 
falls to a low value within a few days of the test dose Keating, Pouer, 
Berkson and Humes (14) have made a valuable and illuminating study of 
the time course of urinary excretion, and have introduced useful quantitative 
measures that have not been examined in other work on this subject The 
proportion of the dose excreted initially is usually greater m normal subjects 
than in thyrotoxic patients, but figures from these groups overlap, so that a 
clinical assessment of thyroid function cannot be based reliably on these 
data In addition, deductions as to thyroid function from urinary analysis 
are necessarily indirect, and the collection of all urine specimens is often 
unrehable 

Several workers have developed the use of direct measurements of 
thyroid radioiodme uptake, using a counter opposite the gland (11, 12, 13, 
21) The general nature of the uptake curve m normal and thyrotoxic 
subjects has been clearly established in this way, although its course has 
not been fully or quantitatively studied Astwood (27, 28, 29) has apphed 
a useful analysis to the early phase of the uptake curve, particularly in the 
study of antithyroid and other drugs Quantitative analysis of the thyroid 
uptake curve has however been restricted by the problem of cabbration 
No adequate solution to this problem has been described despite the use of 
“ phantoms ” (21) or by counts on a subsequently excised gland (10, 22) 

While studying the thyroid uptake rate mthyrotoxic and normal subjects, 
we have been impressed by the dependence of thyroid uptake and renal 
excretion rates upon plasma radioiodme concentration, and by the greater 
speed of uptake m the thyrotoxic subjects We have therefore examined 
the quantitative relationships between these factors and their alteration 
m thyrotoxicosis, as already briefly noted (19) The cahbration of thyroid 
counting rate in terms of thyioid radioiodme content is described m a 
following paper (20) 

Method ~ 

l_ The radioactive lodme of atomic weight 131 has been used m these 
investigations This isotope has a convenient half-period of radioactive 
decay of 8 0 days, so that its metabolism can be followed foi a week oi more 
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It emits both beta and gamma radiations The former are sufficiently 
energetic to be counted without difficulty using robust counters and the 
radioiodine content of liquids may therefore be determined simply and 
rapidly The latter have energies of 0 37 and 0 08 m e v and are transmitted 
through body tissues with little loss, so that the radioiodine contamed m 
different parts of the body can be estimated using a counter at the body 
surface Different counters have been used to estimate the beta radiation 
emitted from hquid samples, and the gamma radiation emitted from tissues 
withm the body 

Beta counting Since the detection of beta radiation is much more 
efficient than that of gamma radiation, this method is used whenever samples 
containing radioiodine can be placed in direct contact with the counter tube 
The activity of urine and plasma samples has therefore been determmed in 
this way, and compared with that of standard solutions from which the test 
dose was taken The hquid counter designed by Veall (31) has been used 
This counter has a carbon cathode, is filled with an argon-alcohol mixture 
and is operated with an external quenching circuit It has a glass wall 
which is surrounded by a glass sleeve The space between counter and 
sleeve contains 10 ml of liquid as a thin layer round the counter and the 
count obtained depends largely on beta radiations The particular counter 
used has had a background counting rate of 10 counts/mm when screened by 
lead and from hght, and gave an additional count of 31 counts/min for every 
0 001 microcune contained m the 10 ml of hquid necessary to fill the counter 
Persisting -contamination of the glass by active solutions was minimised 
by adding inert iodide as earner to solutions counted, and with simple 
washing between determinations rarely caused trouble The counter was 
operated at 1000 volts 

Oamma counting When determining the activity of body tissues which 
could not be placed in oontact with the counter, the much more penetrating 
but less efficiently detected gamma radiations are used The gamma counter 
used initially was a copper cathode argon-alcohol filled counter by M I T 
for which we are indebted to Dr Robley Evans It was oybndncal, of 
diameter 3 0 cm and cathode length 10 5 cm and operated at 1280 volts 
It had a background of 45 counts/nun as used, and gave an additional count 
of 7 8 counts/mm when its central wire was at a standard distance from a 
glass ampoule containing 1 microcune of radioiodine The standard distance 
was 61 5 cm , the ampoule axis then being 50 cm from the counter wall 
Later work was done usmg a platinum cathode, argon-alcohol filled counter 
for which we are indebted to Mr Veall The counter was oykndncal, 
3 0 cm in diameter and of cathode 10 5 cm long, and operated at 1200 volts 
Tins counter had a background of 47 counts/min when screened from hght, 
and gave an additional count of 17 counts/mm when 61 5 cm from a 1 
microcurie source 
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Each gamma counter was used m a housing of lead i inch thick and 
having a rectangular aperture 10J cm by 5 cm in a plane 6 cm from the 
ana of the counter ( see Fig 1) The counter was thereby largely screened 
from gamma radiations except over a sohd angle 60° high by 106° wide 
As described later, the patient was also placed behind a lead screen to reduce 
radiations from areas not hemg studied (Eigs 1, 7 and 8) 

Procedure Most of this work has been done using I 131 from Oak 
Ridge, USA which was obtained m carrier-free state A few experiments 
were made using I 131 from Chalk River, Canada, or from Harwell Supphes 
usually contained about 600 microcuries of I 131 , carrier-free in 1 ml of 
distilled water, and were received in sealed ampoules, the activity of whioh 
had previous!}" been estimated in terms of Oak Ridge values to which basis 
activities are referred in this paper * The unopened supply was first 
counted with the gamma counter 516 cm from it so that the counting rate at 
this distance could be related to activity ni nncrocunes, on the basis of 
the previous standardisation A small amount of normal potassium iodide 
was added as carrier immediately the supply ampoule was opened, 40 
micrograms usually bemg added to each 500 microcuries of I 131 In making 
up a dose, a suitable fraction of the diluted stock solution was then made 
up to 60 ml in a measuring flask after adding further carrier to form a total 
of 20 micrograms m the flask Of the contents, 0 2 ml were then withdrawn 
and diluted to 60 ml to act as a standard for comparison of urine and plasma 
samples m the hquid counter The remainder was counted at 61 6 cm from 
the gamma counter and was then used as the dose 

The dose was given by mouth to a subject who had had breakfast two or 
more hours previously, and was washed down by one or two small drrnks of 
water A dose of under 50 microcunes was used in all oases except two 
patients under investigation foi retrosternal goitre or iodine-concentrating 
carcmoma of the thyroid In all recent cases we have used the platinum 
cathode gamma counter and a dose of between 26 and 30 microcunes has been 
found adequate to give accurate data The amount of iodide in the 
radioactive form is very small, having a mass of less than one thousandth 
of a nucrogram It is safe to assume that the dose w ould not in itself modify 
thyroid behaviour either by its radioactivity or by its iodide content and 
would therefore sample the behaviour of an undisturbed thyroid gland 
As a precaution against disturbance by a Ingh iodine mtake, fish and 
medicines containmg iodine weie forbidden for two oi moie days before, 
and dunng the test 

Within a few muiutes of giving the dose, and at suitable intervals 
thereafter, a gamma radiation count was made opposite the thyroid In all 
cases studied in detail, the subject sat with the chest against a lead shield 

* It appears likely that true activities are higher bj about 70% than those given in the 
Oak Ridge consignment notices 
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which extended upwards from about the height of the .xiphistemum to end 
m a cbm rest, and extended laterally to screen the whole width of the chest 
(Figs 7 and 8) The neck wa6 placed so that the thyroid was opposite a 
rectangular aperture in the shield, and the counter was put m position opposite 
tlus aperture (Fig 1) By tlus slueld and by the local lead housing 
surrounding it, the counter was exposed to radiation from the thyroid, but 
protected from most of that from the remainder of the body The counter 
w ould receive radiation from any radioiodme m the neck tissues surrounding 
the thyroid over a vortical extent of about 16 cm and horizontally over the 
whole width of the neck The use of this shield also simplified accurate 
repetitions of the subject’s jiosition m successive readings A marked point 
on the skin ovei the cricoid cartilage (Fig 8) was always brought to the 
same measured position behind the screen face and relative to the sides of the 
aperture The seat hoight and the position of a postenoi neck lest (Fig 7) 
ware adjusted to known settings, so that the subject’s general position was 
also controlled The counter stand was rigidly linked to the lead screen, and 
the countei was mounted on a calibrated horizontal slide, so that its position 

7. ABLE I 


Variability of repealed estimates of thyroid counting rate 


Subject 

| Percentage coefficient 

ofxnriation 

Calculated 
positional 
variation 
(mm ) 

Observed 

Expected 
from no 
of counts 

Thyrotoxic 

1 37 

1 00 

— 

Thyrotoxic 

1 77 

1 08 

0 8 

Control 

1 74 

1 00 

— 

Control 

4 10 

2 40 

3 3 

Thyrotoxic 

2 00 

1 20 

1 0 

Thyrotoxic 

3 20 

2 30 

22 


Tho variation m neck position is given os a standard deviation calculated from the difference 
between the variance of the counting rate observ ed and that predicted by the number of counts 
recorded in cnch determination 


relative to the neck could be adjusted and varied accurately Table I 
indicates that by this method successive measurements of counting rate 
could be obtained with a variability of about 2% from tlieir mean value 
This figure is the standard deviation of counts on successive occasions m 
subjects m whom the counting rate was constant or only falhng slowly 
Allownng for the statistical errors of counting, neck position can have varied 
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by only a few milli metres during the counts In certain subjects, the lead 
screen was not used, and the front of the lead shield surrounding the counter 
was brought to a marked position on the patient’s neck for each measurement 
As will be seen later, the uptake curve can be followed adequately m this 
way, but the absolute amount of radioiodine m the gland can be estimated 
less accurately 

Thyroid activity was usually measured every 5 or 10 minutes for the 
first two hours after the dose, then at about hourly intervals for the next 
four to six hours, then once or twice daily Duplicate readings were made 
for all later counts, each bemg continued to a total of at least 500 and usually 

2.000 or more counts Measurements were also obtained m certain subjects, 
at initially frequent intervals, of the gamma radiation measured at a marked 
position over the thigh This count was used to indicate the course of tissue 
radioiodide uptake and hence the approximate amount of radiation that 
would have been obtained from the exposed area of neck alone had the 
thyroid not been present In a totally thyroidectomised subject the neck 
count was about half the thigh count In all thyrotoxic and many normal 
subjects, thigh counts were low compared with counts opposite the thyroid , 
but m some normal and in hypothyroid subjects it is likely that radioiodme 
m neck tissues causes a substantial proportion of the count opposite the 
thyroid, particularly in the first hour after giving the dose The thyroid 
radioiodme content can he expressed, as described elsewhere (20), as a 
percentage of the Hose given, by comparing the counting rate opposite the 
gland with that observed when the counter had been exposed to the flask 
containing the dose before its administration, appropriate corrections being 
made for decay and for back-scattered radiations 

The subject emptied his bladder just before the dose was given For 
the first 1 to 3 days thereafter, each volume of urine passed was measured 
and timed, and the radioactivity of a sample of it counted Subsequent 
24 hours’ excretions were pooled, measured and counted All urine was 
collected m stoppered bottles containing 10 mgrns of potassium iodide as 
carrier to minimise losses of radioiodme in handling Ten millilitre samples 
were poured into the space surrounding the liquid counter For early 
specimens after the test dose, a known dilution of urine was used since then 
the counting rate for undiluted urine ordinarily exceeded the limit of about 

5.000 counts per minute above which counting rate ceases to be proportional 
to radioiodme concentration In cases studied m detail, half-hourly 
specimens were obtamed initially 

Blood samples usually of 15 ml , were taken into 0 3 nil of a solution of 
20% potassium oxalate and 4% potassium iodide as earner After 
centrifuging, the volume of plasma was measured, brought up to 10 ml if 
necessary, and counted in the liquid counter After counting any group of 
urine or plasma samples, a sample from the 50 ml standard solution prepared 
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from the dose for that subject was also counted The ladioiodine concentra- 
tion of plasma and urine could then be expressed as a percentage of the 
original dose contained in each ml of the sample 

To determine the pioportion of plasma radioiodme present as thyroxine, 
a modification of the method of Taurog and Chaikoff (30) was used Thus 
2 ml of plasma Mere shaken with 10 ml of butanol which were then twice 
extracted with 10 ml of 4N caustic soda and 5% sodium carbonate The 
alkaline and the butanol fractions were counted m the liquid counter, 
correction being made foi the initial 5-fold dilutions and for volume changes 
due to partial solubility of butanol and water Where a more accurate 
estimate of the thyroxine radioiodme was lequired, 10 ml of plasma were 
extracted and the 50 ml of butanol brought down to 10 ml by evaporation 

lies lilts 

The counting late opposite fhe thyroid, or “ thjroid count,” begins to 
rise within about 1 minutes of oral administration of the dose to a fastmg 
subject In one subject w'lio had breakfasted half an hour previously, the 
initial phase of the uptake curve was sigmoid onty achieving its maximum 
rate of use after half an houi In all other cases the rate of rise of the 
thyroid count has been maximum within a short penod of the dose, falling 
progiessively thereaftei It will be appreciated that the counting rate is 
propoitional to the radioiodme content of the thyroid, so the rate of rise of 
this count corresponds to the late at which iodine atoms are accumulating 
m the gland 

Normal subjects In subjects w ithout thyroid disease, the count uses 
steadily during the fust hours usually leaching its maximum value aftei 
two to tluee days In some cases the count then falls, but m others the 
maximum value is maintained on a “ plateau ” for many days before the 
fall starts In one case, the count as corrected foi radioactive decay was 
still on this plateau after six weeks when counting was inaccurate owing 
to decay of the isotope 

The mathematical form of the uptake curve is discussed later in the 
light of the changes m plasma concentiation Stanlej 7 and Astwood’s 
approximation (28) that the counting rate initially uses linear!) with the 
square loot of the elapsed time since the dose, is clearly inappbcable when 
the count is followed to its maximum At the same time, it is useful to 
charaetense individual cuives, particularly m their speed of ascent We 
have adopted, as a rough measure of late of equilibiation, the time since the 
dose until the counting rate reaches half the maximum value finally attained 
We have termed this the “ tune of half-uptake ” 

The initial course of unnaiy excretion is similar to that of thyroid 
uptake m any one subject — the rate being rapid at first, but falling to a 
low value within 36 to 48 horns In certain subjects, urine specimens were 
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obtained balf-liourly for the first eight hours The mean rates of excretion 
oi er these intervals alien plotted as percentages of the dose excreted per 
minute, are foimd to decrease at first m an approximately exponential way 
The time interval in aluch the excretion rate becomes halved is usually in 
approximate agreement a ith the time of half-uptake of the thyroid count 
in the same subject Wheie repeated plasma samples have been taken, 
the plasma radioiodine concentration at one hour after the dose has become 
halved after a similar time interval (Fig 3 and Table III) After 24 hours 
the rapid fall in urinaiy excretion rate is replaced by an approximately 
constant rate of excretion as observed by Keating and others in their studj 7 
of the total excretion (14) The form of the curve of urinary excretion with 
time is considered later in relation to the plasma concentration cuive 

”4 of Maximum Count mq Rale 
lOOr 



Hours 


Fig 2 Thyroid uptake curves in thyrotoxic and control subjects — each curve m percentages 
of the maximum counting rate reached m the subject plotted against time since an oral 
dose Curves from nontoxic goitres arc not plotted, but are intermediate m position and 
overlap both groups 

Thyrotoxic subjects In untreated thyrotoxic subjects, the thyroid 
count begins to rise rapidly within a fea minutes of ingestion of the dose 
It rises ordinarily to a higher maximum value, and reaches this value earher, 
than m normal subjects Tbe maximum counting rate has averaged three 
times the mean value for normal subjects, and has been reached after an 
average time of 10 hours The counting rate has then in some cases been 
maintained as a plateau for several days, but more usually begins to fall 
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within 24 hours of the dose The rapid attainment of the maximum counting 
late in thyrotoxicosis is reflected m a shorter time of half-uptake and this 
time can be more accurately estimated than that of the maximum counting 
rate Thyroid uptake curves for thyrotoxic and normal subjects are plotted 
m Fig 2 in terms of the maximum counts reached It will be seen that 
half-uptake is usually readied between l and H hours in thyrotoxicosis as 
compared with 3 to 0 hours m subjects with normal thyroids The contrast 
m actual rates of uptake is even more pronounced Bince the maximum value 
attained is itself greater m thyrotoxicosis 



30 fjC rtuhoiochde bv mouth nt zero time 
Jog 1 Cur\ ea ns in. Fig 3, but m n typical thvrot.oi.ic subjeot gnen 28 ^.C 


The rate of urinary excretion of radioiodme m thyrotoxic subjects has 
decreased more rapidly than in controls When half-hourly specimens have 
been obtained, the late of output lia§ been found to fall m an approximately 
exponential way, and with time characteristics corresponding to those of the 
thyroid uptake curve m the same patient and of the plasma radioiodme 
concentration curve when determined (Fig 4, Table III) After a few hours 
the output rate becomes roughly constant, and at a value usually substan- 
tially luglioi than m nonnal subjects The smaller urinary excretion of 
radioiodme within 24 hours of the dose that has frequently been reported, 
is illustrated m Table III 
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Com pat ison between normal and thyrotoxic subjects The transport of 
iodide in thyrotoxic subjects therefore differs from that in controls m two 
main ways Firstly, the thyroid initially secures a greater, and the kidneys 
a smaller, share of the total dose than m control subjects Secondly both 
processes, thyroid uptake and renal excretion, approach completion in a 
shorter time than in control subjects These effects aie explained since the 
thyroid is removing iodide from the plasma at an increased late in 
thyrotoxicosis while the renal removal rate is unchanged As a consequence 
of the more lapul removal of iodide by the thyroid, the plasma becomes 
depicted of ladioiodido sooner, and so the rates at winch it is rcmoied by 
both thyroid and kidneys fall to zero eaiher 

The following hypothesis has been examined and appears to account for 
the obscriations It is suggested that an approximate!}' constant fiaction 
of the total plasma iodide is lemovcd each nunute by' the thyroid, 01 , ns this 
may be moie conveniently expiessed, that a ceitam volume of plasma is 
cleared of its iodide each minute As with the conventional lennl eleaiances 
of urea and other substances, the thyroid clearance of iodide fiom the plasma 
can be readily determined if the plasma concentration of radioiodide is 
known at a moment when the rate at which radioiodide is entenng the 
thyroid is also known If for example, the plasma contains 1% of the dose 
of radioiodmo, as iodide, per litre, and the rising curve of the thyroid count 
indicates that the thyroid is accumulating iodide at a rate of 1% of the dose 
per hour, the equivalent of one litre of plasma per hour would be being 
cleared of iodide by the thyroid As until the renal urea clearance, it is not 
assumed that thib volume of plasma is in fact fully cleared of iodide If 
the efficiency of clearance by the thyroid were 25%, the actual plasma flow 
through the thyroid would be 4 litres per houi in tins case Furthei, since 
radioiodide is metabolised as normal iodide, the clearance rate determined 
by its use would be that applying to plasma iodide as a whole The varia- 
bility of the thyroid clearance rate with time or with total plasma iodide 
concentration is discussed later The renal plasma clearance rate for iodide 
can similarly' be determined by comparing plasma concentrations and rates 
of urinary excretion of radioiodide 

Determination of clearance rates Experiments have therefore been 
designed to test whether a constant volume of plasma is cleared of its 
radioiodide content by the thyroid and kidneys each minute The dose 
given wall not in itself be likely to alter the previous iodine metabolism in 
any way , since the amount of iodide administered is small It should there- 
fore merely allow the normal rates of plasma clearance to be sampled, and 
the values of these clearances should not be dependent on the time since the 
dose was gnen If however, the administered radioiodme ceased to be 
fully' available to the thyroid or kidney as iodide, or if the thyroid uptake 
rate were masked by an early' and concurrent output from the thynoid, the 
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ralue obtained for the clearance might only he valid shortly after 
administration of the dose, and the time of its determination might he 
critical 

We have examined the data m patients from whom repeated plasma 
samples Mere taken during the course of thyroid uptake and renal excretion 
of an oral dose of radioiodme Typical results m a control and m a 
thyrotoxic subject are given in Pigs 3 and 4 respectively Each figure 
demonstiates the falling plasma concentration of radioiodme, the 

4 per rrvn enterfvj Thy rod 



Fig 6 Graplis relating the rate of accumulation of radioiodme in the thyroid tin % of the 
dose per minute) to the simultaneous value of its plasma concentration (in % of the dose 
per litre) Data for two thyrotoxic (solid squares and discs) and two control subjects (open 
squares and circles) 

I< ig 0 Graphs relating the rate of urinary excretion of radioiodme (m % of the dose per minute) 
to the simultaneous value of the plasma concentration (m % of the dose per litre) Symbols 
ns in Fig 5 

corresponding fall m the rate of its urinary exaction , and the thyroid count 
rising at a rate which also decreases as the plasma concentration falls It 
will he seen that m the thyrotoxic subject (Fig 4) each change approaches 
completion earlier. 
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Direct comparison between thyroid uptake rates and the simultaneous 
values of plasma concentrations are illustrated m Fig 5 , and those between 
renal excretion rates and plasma concentration m Fig 6 Each figure 
presents the results on two thyrotoxio and two control subjects, based on 
repeated plasma samples obtained during the eight hours after an oral dose 
of radioiodide It will be seen from Fig 5 that the rate at which radioiodine 
is being taken up by the thyroid remains roughly proportional to its plasma 
concentration during these hours, the thyroid clearance rate therefore being 
about constant over this period In the two thyrotoxic subjects, bouever, 
the lines relating these variates are steeper than in the controls, indicating 
that the thyroid clearance rates are increased The rates of renal excretion 
also remain proportional to plasma concentrations over this period (Fig 0) 
In this case the lines for all subjects have equal slopes, indicating that the 
renal clearance rate for radioiodide is not increased in the thyrotoxic 
subjects 

The values of the clearance rates, estimated at different times in these 
four subjects, are shown in Table II Estimates made between one and six 
hours after the test dose agreed closely in the normal subjects, the 
coefficients of variation of thyroid and renal clearance rates averaging 8% 
Earlier estimates of thyroid clearance made within an hour of the dose hai e 
been unreliable m normal subjects, probably because during this period the 
body tissues are still taking up radioiodide Uptake by neck muscles 
therefore contributes significantly to the rate of rise of the counting rate 
opposite the thyroid After an hour, the general tissue content of 
radioiodme changes only slowly, as is shown bj the course of the thigh count 
(Fig 3) The rise of the countmg rate opposite the thyroid then measures 
thyroid uptake of radioiodide and the clearance rate can be rehably estimated 
from it 

Early estimates of thyroid clearance are less liable to such errors in 
thyrotoxic subjects In them the thigh count is low relative to the thyroid 
count (Fig 4), indicating that changes m the neck tissues are unlikely to 
influence the value obtained for the thyroid clearance rate Late estimates 
of thyroid clearance, on the other hand, are more liable to error in thyrotoxic 
subjects, owing to earlier discharge of radioactive thyroxine from the gland 
The radioiodme content of the plasma then ceases to measure radioiodide 
onty, and iodide clearance rates can no longer be based upon it In addition, 
changes in the thyroid counting rate are due to the difference between the 
uptake and output of radioiodme by the gland For both these reasons, 
the thyroid clearance may be increasingly underestimated after the initial 
hours m thyrotoxicosis, and m some eases cannot be accurately determined 
in consequence (Table II, thyrotoxic subject 2) Similarly, the line relating 
the rate of rise of the thyroid count to the plasma radioactivity does not pass 
through the origin of the graph , but shows that the thyroid count ceases to 
rise although the plasma is still radioactive Even m normal subjects, this 



Values of clearance rates (ml/min ) m two thyrotoxic anil two control subjects us estimated at different intenals after a dose of 
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line does not pass exactty through the origin nnd some discharge oi radioiodmo 
from the tliyroid probabl 3 r occurs at tins period These differences are 
consistent until the changes observed in plasma radioactivity In thyroto\io 
subjects, an initial fall due to decieasing radioiodide concentration is 
succeeded by an early and considerable rise due to radiothyroxino 
development In one case radiothyroxme was detectable in the plasma 
3 hours after the dose In normal subjects this secondary rise occurs later 
and reaches a louer concentration, and radiothyroxme has not been found 
w ltlnn 2 days of the dose 

It appears therefore that the tliyroid clearance rate may be reliably 
determined between the time at which the thigh count reaches a maximum 
and that at which radioactive thyroxine is detectable in the plasma 
Estimates made an hour after the test dose are likely to he rehable in most 
subjects, but we have felt it desirable to determine clearances on scleral 
plasma samples taken over the first few hours following the dose The 
determination is clearly not adapted for routine use in a standardised foim, 
although its consistency in normals (Table II) and its considerable elevation 
in thyrotoxicosis may make even an approximate estimate useful It will 
be appreciated that no error is introduced if, for example, the dose is only 
partially absoibed, since the thyroid clearance rate depends only on the 
relationship between thyroid uptake rate and the simultaneous plasma 
concentration, however attamed 

The renal clearance rate may be determined within the same tune limits 
ns for the thyroid clearance rate Early estimates clearly may lm olve enors 
due to delay in unne formation or collection Late estimates when the 
plasma contains radioactive thyroxine have been found to mvoh e 
discrepancies similar to those in the corresponding thjuoid clearance values 
Reasonably constant estimates of renal iodide clearance hn\ e been obtained 
with samples taken between one and six hours after the dose (Fig G and 
Table III) 

Clearance rales vn normal and thyrotoxic subjects The values of the 
lenal clearance rates given in Table II are directly obtained by comparing 
the plasma and urinary concentrations of radioiodme and recording the 
rate of excretion of urine Since these concentrations are proportional to 
counting rates m the same counter, no difficulty in calibration is invohed 
The absolute % alue of the thyroid clearance is harder to determine accurately, 
and this problem is considered more fully elsewhere (20) Plasma 
concentration can readily be expressed m terms of the dose , and thjTOid 
uptake rate can be given accurately in terms of counting rate under specified 
conditions The counting rate due to radioiodine m the thyroid must then 
be related to that which would be caused bj the whole dose In the 12 
subjects studied m detail, this has been carried out bj a relatn ely accurate 
method (20) involving allowance for back-scattered radiations and using 
counts at different distances from the neck to determine the position and 
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(6) the initial renal rate of excretion was hahed , 
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strength of the thyioid mdioactmty In other subjects, approximate 
values were dctei mined by calibrating the thyroid counting rate indirectly 
At a time u hen the plasma concentration nas low, the thyroid uas assumed 
to contain all the dose except that already excreted in the urine, a small 
conection being made foi ladioiodidc m the body The results m all subjects 
are given m Table III mill data on the course of thyzoid uptake, icnal 
cxcietion and plasma concentration of radioiodine 

In the not mal subjects examined, the thyroid iodide clearance lias 

I mged fiom 8 to 38 ml of plasma per minute, uitli a mean value of 1G 
ml/min In 11 cases of indicated thyrotoxicosis, its \alue has ranged from 
200 to 1300 ml/mm axciagtng 48G nil/nnn The i olume of plasma cleared 
of iodide per minute lias thus been increased m thyrotoxicosis to a mean of 
30 times its normal value By contrast the renal clearance inte has aveiaged 

II ml/min m normal and 27 nil/imn in the thyrotoxic subjects, the 
dilfeience being insignificant statistically Evidently, this gieatly raised 
thyroid clearance and unchanged icnal cleaiance in thyrotoxicosis underlie 
the gi eater and moie rapid uptake of indioiodine by the thyroid, with 
uduced initial icnal cxcietion 

The lioimal icnal cleaiance foi iodide is about 23% that given foi the 
liuilin cleaiance in man by Homci Smith (25), and indicates that iodide is 
substantially leabsoibed in the icnal tubules The normal thyioid clearance 
cannot be dn colly niteipietcd, since data foi human thyioid blood flou are 
unceitniii Best and Tayloi (2) give an estimate of 1) to 0 ml/mm/gm , 
and Means (lb) one ot 4 nil/nuu/gm uhich, uitli a hremntocut of 4G% and 
a 10 gm gland, Mould imply a thyioid jilasma flou of 50 to 80 ml/min 
On tliib basis an iodide cleaiance of lbml/min Mould indicate that the normal 
efficiency Mifh uhich the thyioid lemoved iodide fiom plasma Mas betMecn 
20 and 30% When thyroid clearance latcs averaging 30 times the normal 
value aie iccoided in thyiotoxicosis, it is endent that the blood flow to 
the gland must be gieatly moi cased, and it is likely also that iodide is removed 
mi tli mcieased efficiency In the case uitli the highest cleaiance lecoided, 
the thyroid blood flou must have been 3 htics/imn even if plasma lochdo 
lcmoval uas completely efficient Tins value aheady exceeds half the 
noimal caidiac output, and it is difficult to believe that xemoval can harm 
been much less than fully efficient The gland m this patient uas judged 
to be luglily vasculai, having a thrill and a bruit It is evident that the 
mcieased blood fknv tliiough the gland may in such cases be an important 
contribution to the raised caicliac output observed in this condition 

The thyroid cleaiance rate is a pioduct of thyroid plasma flow and of 
the efficiency xvilh which iodide is removed fiom this plasma The clearance 
late might theiefoie bo mcieased if the thyioid u T eie enlarged, even though 
its tissue vcie less vasculai and less efficient at lemovmg iodide Foi 
example, if the plasma flow pci giam of gland and the efficiency weie both 
halved, but the gland ueie mcieased to eight times its normal size, the 
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clearance should be doubled We hare examined three patients mth goitre 
u ho were admitted for imestigation of thyrotoxieit} , but had normal 
metabolic rates and no conclusnc evidence of thyroid oxeractivily The 
thyroid clearances were 28, SO and 100 inl/mm the allies in two cases 
therefore being abnormallj raised but not to the extent, associated with 
clear thyrotoxicosis It is uncertain whether these should be regarded as 
cases of mild thyrotoxicosis or of simple goitre with moderate elevation of 
the thjroid clearance rate 


Discussion 


In all the thyrotpxic patients we have studied, the thyroid clearance 
rate lias consideiabh exceeded the highest \nlue observed in normal 
subjects The clearance is calculated as the ratio between rate of rise of 
thyroid content and the corresponding plasma concentration of iodide and 
is thus domed from three factors, each of winch is altered in thyrotoxicosis 
First!}, we have found the average maximum count in thyrotoxicosis to be 
about three times that m controls Secondly, the time b} winch half this 
aalue is reached lias averaged 0 0 hours in thyrotoxicosis as against 4 5 
hours in contiols Thirdly, the plasma concentration in control subjects 
has been about 2 5 tunes that in thyrotoxic subjects at 1 hour after the dose 
Since the thyroid iodide clearance is calculated from the product of tlnce 
factors closely related to these, it forms an index which is more sensitne 
than an} one of these factors taken singly 


The relationship between different indices of thyroid function and their 
\alue in estimating ovcr-activit} is made clearer if the dynamics of iodine 
transport are considered The following mathematical anal} sis relates the 
\alue of the thyroid clearance rate to certain less direct estimates of th}roid 
activity which have been obtained by the use of radioiodine 


It is useful to di^cass first the simple case in which diffusion of iodide through tissue spaces 
is assumed to be rapid nnd thyroxine liberation from t lie gland slow compared until thvroid 
and renal uptfll e of iodide The latter assumption is approximated true in many patients 
whereas the former will require modification below Suppose that thortd after administration 
the whole do^t of iodide is uniformly distributed through an iodide 6pace of yolume A litres 
Suppose also that the thvroid clear?* a constant amount g and the kidney's clear r litres of plasma 
jH?r minute of its contained iodide If diffusion of iodide is assumed to be rapid the concentration 
< of radioiodide in the plusma is the same as that in the whole iodide space V and the yalue 
of V is constant Now the fraction of diffused iodide remoyed per minute to the thyroid is 

P r 

— nnd that to the urine is — 


The total fraction of its iodide lost by the iodide space in time 


-dt Further 6inee the diffusion is assumed to be rapid this may 1« 


lit is therefore - 

equated to the proportional fall in iodide concentration in the sime time whence 

(U 


_ J_ ^ = g_ 


dt 


Since g r nnd A are constant the plasma concentration falls by a constant proportion of 
its \ahic each minute Such an exponential fall will be giyen b\ 

_ g + r t 

C = C 0 e ' (2) 

where t 0 represents the initial concentration if the whole do^c wen distributed through tin 
y olume A 
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It can similarly be shown that, under those conditions, the amount x of radioiodine w the 
thyroid would rise exponentially towards a plateau value, so that 

_ S_±-t 

x *= g ^_ _ r C 6 'V(1 — e ) (3) 

and the amount u possed in the urine by a tunc t would rise cxponentialK bo that 

- 

« - ^qi-CoVd-c v ) (4) 

It will he seen that all three processes are exponential with the same halftime 

T = log f 2- j — which is inversely proportionnl to the sum of the tlivroid and renal clearance 

g -r r 

rates 


Wien equilibrium of these reactions is nearly attained, c, the plasma iodide concentration. 


has fallen to a low \ulue , x, the radioiodide in the tlivroid, has risen to 


C 0 V, whereas 


u, the amount excreted in the urine, has risen to 


g + r 
It will be seen that 


tests 


8 + r 

depending on a direct determination of g arc likely to be more sensitive than those depending 
on a determination of T or of the limiting fractions of the dose excreted in the urme or retained 

in the tlnroid, these fractions being equal respect ivciy to — - — and — § — Table 

6 — j -j — r 

IV shows the way in which these indices alter with changes in \ nine of g, taking figures of 30 ml 
a minute for r, and of 20 litres for V, ns discussed below It will lie noted that mcrenses in the 
calue of g, pnrticulnily when moderate, are only poorly reflected ui changes in the other three 
indices It is probably for reasons of this land that the direct determination of the tlivroid 
iodide clearance appears to bo a more sensitive and direct measure of thy roid function tlinn the 
other indues previously used which depend on functions me oh mg the" thyroid clearance rate 
less directly For the same reason, its \aiiies m normal nnd thyrotoxic subjects may prove to 
o\ crlap less tlinn those of other indices hn\ e been shown to do 


The formula; gnen nbo\e are only approximations to the course of iodine transport, because 
the rate of iodide diffusion through the body spaces is not m fact n rapid one Barlow lias 
recently studied the rate of entry of rndioiodide into the cerebro spinal fluid from plasma in 
man nnd finds that equilibrium in concentrations is only approached grndunlh m the course of 
the first days following oral doses to normal subjects (1) It is clear, therefore, that the \ oluine 
V through which the test doso is diffused is not in fact constant with time since the dose was 
given It is consistent with this that the cur\c of plasma rndioiodide concentration does not 
always full exponentially with time but at a Bpecd progressiv ely slower than the exponential 
curie would indicate, nnd m a way consistent with a progressively mere asmg iodide space 
For this reason, equation (1) is replaced by 

dV 

1 dc _ (g + r) -{- d t (g) 

c dt V 

since the fraction of diffusible iodide cleared per minute must be equated to n change in (lie 
product cV of two terms each of which is \ arying * 


The variation with time of the v olume V is not directly relevant to the present observations, 
except as accounting for a departure from exponential form in. the curves of plasma radioiodme 
concentration, nnd of thyroid nnd renal uptake Our observations are consistent yvith n volume 
which me reascs with time over some hours as the dose diffuses through the tissue fluids Accurate 
study' of thia subject would require information on initial distributions by intravenous doses 
which we have not used It lias been noted however (Table III) that the time of half uptake 
averaged 0 0 hours m thyrotoxic and 4 5 hours in control subjects If such values are treated 
as if they were half periods of exponential uptake, nnd are related to the corresponding values 
of g nnd r in the formula for these half ^enods 

T = log.2 (b) 

- g -)- r 

a value of 20 litres is obtained for V in normal subjects and luglier values in thy rotoxic patients 

v Since the expansion of the volume V itself contributes to a fall in plasma rndioiodide 
concentrations, it appears that tho ascription (14) of a “removal fraction” largely to 
thyroid removal of iodide may fail during this period 
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If the value of V ib in fact m< rensing, ho tlmt in equntion (5) is positne, these ml! be 

underestimates of the iodide space It seomu reasonable to assume „ therefore, that the 
rndioiodide diffuses through a \olunte comparable with the bod\ water after some hours This 
com lusion is important, if correct, since the amount of diffused rndioiodide mat be substantial 
and the thyroid content difTer mnrkedlj from the amount unaccounted for b\ urinary excretion’ 
The thyroid clcnrnme rate, on the other hand, is independent of the course of nn\ diffusion 
process 

In subjects investigated in detail, the thyroid cleaiance rate has been 
approximately constant over the couise of several hours We have not 
examined its variation from day to day, or its dependence upon dietary 
iodine Presumably the daily thyioxme output from the thyroid is not 
determined simply' by the day’s iodine intake It is possible, therefore 
that the thyioid cleaiance race vanes fiom day to day to control the level 
of thyroxine output It seems more likely, however, that othei factors aie 
responsible for such contiol since the thyroid clearance rates of normal 
subjects on normal diets have lam within a relatnely narrow range Several 
other factors might vary the rate of thyioxine synthesis, storage or release 
so as to maintain a steady' thyTOxine output despite a varying iodide intake 
by the gland It seems likely that a study of ladioiodine metabolism may 
clarify these factors involved in physiological contiol as well as those m 
pathological conditions Meanwhile the thuoul clearance rate measures 
directly the activity of the thyroid in taking up iodine from the plasma 
In so fai as a constant propoition of all iodine taken up by the thyroid is put 
out as thyroxine, the clearance should also indicate the rate of thyroxine 
output Tins con elation will, howevei, fail under tluouracil tieatment, 
01 when the thyroid iodine content is changing 01 if yaryung amounts of 
iodine aie being hbciated from the thyroid othei than ns thyroxine 

Summary 

1 Thyroid clearance rates foi indioactive iodine have been calculated 
on the same hues as tfie conventional renal cleaiance rates foi othei 
substances If both the rate at which rndioiodide is enteimg the thyroid, 
and the simultaneous plasma concentiation of rndioiodide are known, then 
the volume of plasma cleared of rndioiodide m unit tune can he calculated 

2 In noimal subjects about 10 ml of plasma aie cleared of iodide per 
minute by' the thyroid In 11 untreated thyrotoxic patients, the clearance 
late lias averaged 480 ml per minute Values ranged trom 200 to 1400 ml 
per minute m individual subjects 

3 The lenal clearance rate for plasma rndioiodide aveiaged about 
30 ml per minute both m normal and m thyrotoxic subjects 

4 The thyroid clearance appeals to be a moie sensitive and dnect 
measuie of the iodine-collecting activity of the thyroid than pievious tests 
based on the use of ladioiodine It may piove to have a greater value than 
the basal metabolic rate in diagnosing minor degrees of unseated 
thyrotoxicosis and in investigating the mechanism of the disease 
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< Vrmrurcment of Fubjcct «orccn nnd counter ea«unrur con*tnnr\ of Mibject s po ition 
rt!nti\e to the counter and ^crooning of the counter from cTtram-oti- radiation 

S IKtnil of relationship between counter nnd neck Th'* marled point on the net- 1 n 
kept at a constant distance behind the lead -crecn* and the counter pi it ion ndjti ted In a 
horizontal «cnle readme 




'tin: LsriMU’iox or rumoiodixe ix the thyroid 
UL VXD OF EIYJXG SUBJECTS* 

Bi X J’. MY\N1, A I HONOUR and E E BOCHIN 
(Irn in (hr I)r]v:r(n\rn( of CViiitced Research bmicrsih/ Collcjc KospUal 

Mnltcal School ) 

1 1 a Mibj'tf 1 - gnen a dose of mdioactnc iodine hi mouth 1 lie pic-cnee of 
ndmiodiiM in the thyroid is dctcctibk within n few minutes In meins of n 
Gugcr counter pi iced in front of the neck The rapid accumulation and 
slower discharge of mdioiodnic mn\ then be followed from the use and fall 
in the extern d counting rite flic shape of tins uptake curie lias been 
examined m det id In -cieml worker- but no one ii is described an adequate 
method of calibrating the external counting rate in terms of the radioiodme 
content of tin tlnroid Methods prei mush dc-cribed (including 2) appear 
to make m-ulheicnt allowance for the effects of tlnroid position or back- 
scattered i nb > t ion 

The radioiodme content of a -ample suspended m air max be cstnnatcil 
In comparing the counting rate at a standnrd distance between sample ami 
counter with the counting rate gnen In a sample of known strength nt the 
-itnc di-tance Xow the counting rate xarie- micr-cli as the square of the 
di-t nice from the source oxer a range of distance depending on the sire of 
the -ource and counter Therefore, within wide limits, a counting rate at a 
gnen distance from the source max be expressed ns a counting rate at the 
standard distance Hence, it should be possible to estimate the radioiodme 
content cif a tlnroid from the counting rate obtained nt a known distance 
\Yc lime used a method ba-ed on this principle , but for a thyroid within 
the both two modifications are required Justly, since the extent of the 
thyroid ciiniot be defined m the In mg subject its position must be found 
mdirectli Sec onelli a correction factor must be introduced because the 
neck tissue- cau-e an apparent increase m the mdioactniti of the thyroid 
hi back-scatter of a proportion of the radiations 

In tin- paper wc gn c a method for estimating the position of the tin roid 
and dc-cnbc experiments from which the amount of back--catter can be 
determined apprnxminteli 


* W o~k t.ndf’-takcn ta ly*hulf of th^ 3I»'di'ul R^arch Ccunrii 
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Estimation of the position of a thyroid gland tn air 

Method The position of a dissected thyroid gland injected with 
lftdioiodtno and suspended in air was measured indirectly by the following 
method Counting rates aio determined with the counter at successne 



lug I Diagram illustrating procedure for estimating D 

A Cross section of shielded counter at zero position d„ 

H Thyroid in profile 

flic reciprocal of the square root of the counting rate C i« plotted ngauiBt the 
corresponding distances between counter nnd thyroid 

distances d x , d 2 etc fiom an nrbitinij zero position at an unknown 

distance D fiom the thyioid Then, ovci the range m which the inverse 

I 

square law r is obeyed, C (the counting rate) is proportional to ~p_d)T 

j 1 

or D — f) 1& proportional to — therefore, the values of — T-f-nre 

plotted against the values of d, the points lie on a straight line which cuts the 
horizontal axis at a value of d corresponding to the centre of radiation of the 
source The procedure is illustrated m Fig 1 When the ralue of D has 
been so determined, the counting rate at the standard distance may he 

calculated from the value of -^-corresponding to this distance 

Using this method, \vc estimated the position and radioactivity of 
thyroids each injected diffusely noth a known quantity of radioactive iodine 

Results The results are given in Table I 
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TABLE 1 


% error in 
estimating 1 

radioiodme 

i 

Distance between xero position and — 

Difference 
(Dr — Dg) 
m cm 

geometric centre 

PS) 

in cm 1 

calculated centre 
of radiation (Dr) 
in cm 

-|-2 7 

53 2 

53 1 

—0 1 

—3 5 

fit 5 

04 3 

+0 3 

—23 

59 0 

59 0 

00 

+4 6 

03 0 

07 3 

—1 4 

(not estimated) 

08 9 

G8 2 

—07 


In all cases, the error m estimating tlie amount of radioiodme nas less 
than 5% and the predicted centre of radiation lay at a point between the 
two lobes The geometric centre of the gland, estimated roughly as the 
midpoint between the centres of the two lobes, did not always coincide 
with the centre of radiation calculated from the “ inverse square ” plot 
This small discrepancy may be due partly to uneven distribution of the 
ladioactivc material, and to the difficulty of judging the position of the centre 
of gravity It should be noted, hou-ever, that in the estimation of the 
radioactmty of a thyroid, the distance to the counter should be measured 
from the centre of radiation Therefore the indirect procedure for measumig 
the distance between the thyroid and the counter is preferable to direct 
measurement of the geometric centre, even in the cases where the latter is 
possible 


We have not examined thyroids of pathological size, but experiments 
with glass models containing radioactive solutions indicate that the method 
is valid when the separation of the lobe centres varies from 3 0 to 8 8 cm 
and when the size of each lobe varies up to 250 ml Within the limits of 


these dimensions, the inverse square law is obeyed at all distances greater 
than about 15 cm from the centre of the source Since glass and soft tissue 
have approximately the same absorption coefficient for gamma ray's, w e 
conclude from these results that the method is valid for the largest goitres 
which occur in thyrotoxicosis 

In plotting the values of against <J, the line of best fit 1ms been calculated in all 
vO 

cases since appreciable errors may arise if the line is drawn bj e^e The line used lias been 
n * a ^ 0r aX13 ellipse of correlation, which is drawn through the mean position of all 

observed points Its gradient, m, is calculated from the deviations between the co ordinates 
of these points (x, y) and those of the mean position of all points (x j ) by the formula 

Jgty-y. 

s fr — x) 

This lino, of wlncli the gradient is the geometric mean between those of the two regression 
lines, is more suitable tlwn cither of these regression lines since neither the values of x nor of y 
aro normal in their distribution 
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The strength of n sourte can then be estimated smtplj from the gradient of the lme, since 
it is known that the line, when e\tmpolnted, passes through the centre of radiation of the source 

For the slope m is eqnnl t o the \ aluc of -— = at unit distance from the source Since the counting 

rate at a standard distance is a measure of the strength of a source, the \alue of - — c an 

m- 

be used ns such n measure 

We have estimated the effect of the sunounding neck tissue on the 
external counting rate of the thyroid by two methods In one, an artificial 
source was measured in a known position m the neck of a living subject 
In the otliei, the radioactmty of a thyroid injected until radioiodme was 
measured w hen m the neck of a cadaver With these experiments, we also 
checked the validity of the mdncct nictliod for finding the position of a 
source, when the source is inside the bod} 

The amount of hack-scatter jiom a source in (he neck oj a living subject 

Method A solution containing about 40 nncrocunes of radioactiv e 
iodine was placed in one end of a 3 mm bore graduated rubber tube The 
column of liquid, 2 cm long, was sealed at each end by a small lead ball 
fitting tightly inside the tube and serving also to mark the position of the 
source in an X-Ray photograph The radioiodme content was then esti- 
mated from the counting rate at the standard distance until the tube suspended 
in air The subject then swallowed the tube until it was held between the 
teeth at a point 10 cm from the lowei end With the subject sitting behind 
the lead screen described m a previous papei (1), a counting rate was obtained 
with the counter in front of the neck Then, with the counter m the same 
position, counting iates were observed when the tube was swallowed at 
various depths increasing by intervals of 0 5 cm As the source came 
more fully “ into the viev r of ” the countor, the counting rate increased, then 
reached a plateau, and then decieased as the source passed below the aperture 
in the screen, “ out of sight of ” the counter The tube was then brought 
back to the position of maximum counting rate and the source was then at 
about tlie level of the cncoid cartilage At tins depth the whole of the 
source was 11 in view of ” the counter All subsequent measurements w r ere 
made with the tube held between the teeth at this position The position 
and strength of the source were then measured by the method described in 
the previous section In all cases, the closest position at which counting 
rates w r ere obtained w r as 12 cm from the cricoid The whole experiment 
occupied about 26 minutes, and gave the subject local radiation exposure 
of between 0 06 and 0 1 roentgens 

The actual distance from the souice m the lubber tube to the counter 
at zero position, was measured as tlie sum of the distance between the counter 
at zero position and a point on the skm overlying the cricoid cartilage, and 
the distance from this point to the source Tins latter distance was measured 
from lateral X-Rays of the neck with the tube m position and with a small 
lead disc on the skm over the cncoid ThiB distance on the X-Ray plate 
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was corrected for magnification The magnification factor was determined 
from the ratio of the distance between the shadows of the lead balls, and 
their actual separation m the tube 

100 

It 

5 


2 


I 


0 5 10 15 20 25 30 55 40 « 50 35 60 65 

Distance to Ztro Position ol Ihc Counter (cm) 

Fig 2 Subject 7 Estimation of the position of a radioactive source in a swallowed tube 
(C measured in counts per minute ) 

Resulis Fig 2 shows the results obtained in one of 13 experiments 
with 12 different subjeots In every case, all the points lay close to a straight 
hne, so that the error in calculating D uas small and the radioactive solution 
behaved as a point source m the whole of the range used Table II shou s 
the results of these experiments The predicted distance differs by an 
average of less than 1 cm from the actual distance * The apparent increase 
in strength is given in coloumn 5 as a percentage of the true strength The 
mean mcrease is 27 6%, until standard deviation 4 8% It is clear that the 
position of the source situated m the inidbne of the neck can be predicted 
adequately by this method, and that the apparent increase in strength is 
approximately constant The data may therefore be used to jiredict the 
true strength from the apparent strength m any given experiment The 

, ” 100 
best estimate of the true strength m a single experiment vould be — 

= 78 5% of the apparent strength 

* The small systematic error in estimating tbe position of the tube may be due, at least 
in part, to the relationship between neck and lead screen Since the neck is a few centimetres 
behind the screen, the counter sees ” rather more neck tissue, and therefore more scattered 
radiation, when close to the screen than when far from it The same factor however operates 
equally m determinations on thyroids so that no error should be introduced when calibration 
of the thyroid counting rate is based on that denied from experiments with the tube 
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table n 


Subjeot 

Distanco between zero position and — 

Difference 
(Dr — Dg) 
in cm 

Apparent* 

increase 

O' 

/o 

geometric 
centre (Dg) 
in cm 

calculated 
centre of 
radiation (Dr) 
in cm 

1 

02 9 

02 8 

; 

! -oi 

20 

2 

00 3 

04 2 

2 1 

24 

3 

! 03 3 

02 fi | 

*-08 

35 

4 l 

04 8 

t 

03 9 

—0 9 

29 

5 

03 8 

02 0 

—1 2 

20 

0 

08 2 ! 

i 

02 4 : 

—0 8 

22 

7 

04 2 i 

03 0 

—1 2 

27 

8 

04 4 

04 4 

0 

32 

9 

03 7 

02 G 

—1 2 

29 

10 

0G 4 

0G 9 

+ 0 5 

34 

11 ; 

03 G 

03 4 

—0 1 

33 

12a 

02 7 

01 G 

—1 2 I 

20 

12b 

00 3 

0G 1 

—1 2 1 
i 

23 6 

t 

1 


Mean ~~0 8 

Mean 27 B 

1 

, 

1 


SD 4 8* 


The amount oj bad-scatter from a radioactive thyroid in the neck of a cadaver 

Method The thyroid was dissected from the neck of a cadaver and 
waterproofed by painting noth vinyl acetate A solution of radioiodme 
was injected diffusely into the gland, the sites of injection being sealed with 
vinyl acetate The gland was then suspended m air and its radioactivity 
found from the counting rate at the standard distance It was then replaced 
in the neck of the cadaver in its original position, and the skm incision was 
sutured With the cadaver placed m the standard position behind the lead 
screen, the position and radioactivity of the injeoted thyroid were found by 
the prooedure described above At the end of the experiment, the skm 
incision was opened again without distuibmg the position of the thyroid 
and the distance between the centre of the gland and the zero position of the 
counter Was measured The gland was then removed and any radioiodme 

* Wo aro indebted to Mr B D Corbett for pointing out that the variability of this increase 
in different subjects could result from the known errors m the determinations on which the 
figure is based We have therefore no evidence that the apparent increase vanes significant!) 
in different subjects 
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which had leaked from the gland into the surrounding tissues was estimated 
from the counting rate The experiment was rejected if appreciable leak 
had occurred Data were also obtained m a single experiment with an 
injected thyroid placed in a model neck constructed from human thigh 
tissues The thyroid was embedded m the muscle at a distance from the 
femur approximately equal to the normal distance between the thyroid 
cartilage and the cervical vertebras 

Results Table III shows the results from three experiments using 
cadavers, and from the experiment using a thigh 


TABLE ni 



Distance between zero position and — | 

Difference 
(Dr - Dg) 
in cm 

Apparent 

increase 

o/ 

/o 

geometric 
centre (Dg) 

| in cm 

[ 

j calculated 

centre of 
j radiation (Dr) 
m cm 

Body 1 

03 0 

03 0 

+° 9 

22 

Body 2 

04 6 

04 8 

-f03 

30 

Body 3 

02 4 

01 6 

—08 

19 

Thigh 

05 3 

64 3 

—1 0 

29 



J 

! 

Mean 20 6 


In view of the agreement between the experiments with the source m the 
rubber tube and with injected thyroids, it appears reasonable to take the 
mean value from all 17 experiments as an estimate of the apparent increase 
in the radioiodme content of a thyroid tu vivo The actual radioiodme 
content of a thyroid is therefore assumed to average 70% of the apparent 
value given by radioactivity measurements on the neck The true correction 
in individual experiments should differ from this mean value noth a standard 
deviation of 3% or less 

Estimation of the ladioiodme content of a thyroid in the living subject 

Method The method described m the first section has been apphed to 
the thyroid gland m subjects who have been given an oral dose of radioiodme 
Since the estimation takes about 20 minutes to carry out, it is necessary to 
v ait until the counting rate is stable or changing slowly This condition is 
usually reached withm a day of the dose, both in thyrotoxic and normal 
subjects Countmg rates are then measured with the subjeot sitting behind 
the screen, and with the counter at different distances from its zero position 
We have usually taken readings at six different distances, the nearest at 
about 17 cm from the centre of radiation and the farthest at about 06 cm 
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The counting rate at the standard distance from the centre of radiation of the 
gland is then compared w ith the counting rate given by the dose at the same 
distance The ratio of the tuo gives the apparent quantity of radioiodine 
in the thyroid, and the actual quantity is estimated hy applying the correction 
for back-scatter When the counting rate at one point on the uptake curve 
lias thus been calibrated, all the values taken later than the first few hours 
may be calibrated, since the counting late is then proportional to the 
ladioiodme content of the thyroid 

In most normal subjects the rndioiodinc in the bodj tissues remnms high enough for the 
first two or three hours to influence appreciably the external counting mte fit the neck The 
counting mte in this early period is therefore not proportional to the amount of rodioiodme 
in the thyroid and the lahbmtion figure obtained at a later period cannot lie accumtelv applied 
The counting rate observed when the counter is held close to the thigh, however, indicates 
roughlv the quantitv of rndioiodinc m the thigh tissues In a completely thyroidectomised 
subject we found the counting mte at the tlugh to lie about twice that obtained from the neck 
In normal subjects then fore a rough estimate of the contribution b\ general neck tissues to the 
< ounting mte opposite the tliy roid in the enrlj phase can be made from the tlngh count W ithm 
two or three hours m normals and earlier m lhvrotoxic subjects, the counting mte at the thigh 
has fallen to a low value relative to that at the neck which may then be assumed to measure 
mainly the mdioiodmc in the thyroid 



Ditlonet to Zero Position of the Counter (cm ) 

Fig 3 Estimation of the position of the thyroid m a living subjeot, one day after oral 
administration of mdioiodme 


Results Using these precautions, u e have obtained satisfactory results 
with normal and thyrotoxic subjects with or without goitre The predicted 
centre of radiation lias been m good agreement with the centre of the thyroid 
judged clinically and the largest goitres have behaved as point sources over 



ESTIMATION OF BADlOIODINE 


143 


the range used for estimating their radioactivity Fig 3 show s the results 
obtained with a case of non-toxic goitre of moderate size The calculated 
centre of radiation was 66 4 cm from the counter at zero position, or 3 5 cm 
behind the cricoid cartilage The apparent strength was 34 5 microcunes, 
and the true strength was therefore taken as 27 4 microcunes w Inch was 
equivalent to 64% of the total dose given on the previous day 

Discussion 

We have shown that the radioiodme oontent of a thyioid m air can be 
determined by a method m which the gland is treated as a point source 
The position of a radioactive thyroid tnvivo may also be found by this method, 
but the apparent radioiodme content in vivo must be corrected for back- 
scatter The amount of back-scatter has been estimated by comparing the 
true and apparent radioactivity of two artificial sources in the neck Since 
there is good agreement between the values given by sources of such widely 
differing shape, it appears justifiable to take the mean value m all experiments 
as a measure of back-scatter from a thyroid m mvo However, with estima- 
tion of radioiodme m the thyroids of living subjects there may be additional 
sources of error, such as differences m the distribution of radioiodme mthm 
the gland We have therefore obtamed a rough check on the method 
described here, by calibrating the external counting rate m the same subject 
by this and another more indirect method 

In four normal subjects, data were available on which the comparison 
could be made The radioiodme content of the gland w as measured by the 
“ inverse square ” procedure, with correction for back-scatter The propor- 
tion of the dose in the thyroid was also estimated by difference from the 
amount exoreted m the urine and from that present at the same time m the 
extra-thyroid tissues of the body The latter w r as calculated from the plasma 
radioiodide concentration assuming an iodide diffusion space of 20 litres 
This figure is an approximate average value for normal subjects based on 
considerations discussed elsewhere (1) 

Table IV show s the values given by the tw r o methods 


TABLE IV 

1 

i 

Amount in thyroid 

1 Amount not 


1 

estimated by 

accounted for m 


Subject 

inverse square ’ 

urine and iodide 

Difference 

| 

method 

space 

% dose 


% dose 

% dose 



1 

19 4 

22 0 

1 

2 6 

2 

63 6 

47 6 

6 9 

3 ! 

04 0 

69 4 

4 6 

4 I 

[ 

30 4 

31 0 | 

00 
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Thib comparison is inaccurate because the iodide space was not known 
exactly, and because a small part of the plasma radioiodme "was probably in 
the form of thyroxine for wlucb the diffusion Bpace appears to be less than 
for iodide The agreement between the two methods, however, shows that 
direct measurements of thyroid radioiodme content can be made with 
reasonable accuracy by the procedure described 

Summary 

1 A method is described whereby the radioiodme content of a human 
thyroid can be determined in absolute units from the counting rate gnen by 
a Geigei counter opposite the neck 

2 The position of the thyroid centre is calculated from counting rates 
obtained with the counter at different distances from the neck 

3 The apparent increase m radioactivity due to back-scattering of 
radiation from neck tissues was estimated by comparing the counts from a 
source when in air and in the neck In 17 experiments the counting rate 
observed at a gnen distance from the source was increased by an aieragc 
of 27% when the source was within the neck 

4 The method gives an approximate but direct estimate of the fraction 
of a dose of radioiodme which is contained m the thyroid gland 

heh:hlncj s 

(1) Mi ast, I’ocniN Asr> Ooldif ( lin S<i, 1040,8 100 

[ 2 ) QuiMm and McCusi Rndiologi, 1047, 49, 201 



QUANTITATIVE OBSERVATIONS ON VASCULAR REACTIONS IN 
HUMAN DIGITS IN RESPONSE TO LOCAL COOLING* 


By H H WOLFF and E E POCHEN 

{From the Department of Clinical Research, University College Hospital 

Medical School ) 

In three papers (1, 2, 3) Lewis described certain vascular reactions which 
occur in human fingers during and after immersion in water at temperatures 
between 0° and 18°C After a finger was removed from a cold hath, its 
skin temperature was found to rise by several degrees above that of a control 
finger, usually reaching a maximum within 20 minutes of the end of immersion, 
and then gradually falhng to the temperature of the control finger during 
the next half to one hour We have studied quantitatively the course of 
this “ after-reaction ” following cold to establish how its size depends on 
the duration and temperature of previous cooling The reaction is affeoted 
not only by these factors but also by the amount of tissue immersed, its 
temperature immediately following the period of immersion and by the 
subject’s general vasomotor tone Wlule the local factors could he kept 
constant m different experiments, the vasomotor tone could only be controlled 
within wide limits Accurate comparisons can therefore only he made 
between the behaviour of opposite hands of the same subject during a 
particular test By working at about equal room temperatures it has, 
however, proved possible to obtain results on different days and in different 
subjects which can legitimately he compared with each other 

Method 

The after-reactions observed in the fingers of normal subjects at room 
temperatures of about 20 °C have usually been sufficient to warm the 
fingers towards, hut not to, body temperature at the height of the reaction 
Skm temperature has therefore been a practicable mdex of blood flow to 
the finger and has been recorded by means of thermojunctions as described 
by Lewis (2) The subjects were young, healthy males with no history or 
evidence of circulatory disturbance or of chilblains on them hands The 
tlurd, fourth and fifth fingers of each hand were cooled by immersing them 
as far as their proximal mterphalangeal jomts m containers filled with water 
at the required temperatures, or with crushed ice and water when working 


* Work undertaken on behalf of the Medical Research Council 
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at 0°C Records were made of tho skm temperatures of the immersed 
third fingers, of the unimmersed thumbs as controls, and of the bath 
temperatures When tho influence of coohng temperature on after-reaction 
si/e was studied, two containers at different temperatures were used, one for 
the tlirce fingers of each hand The fingers of the two hands were cooled 
simultaneously for the same duration of 44 minutes To study the effects 
of tho duration of coohng, the same three fingers of the tuo hands were 
cooled m one bath at 8°C , those of one hand being immersed before those 
of tho other, so that cooling came to an end on both sides simultaneously 



Fig 1 Comparison of after reactions in fingers cooled at 7°C nnd 9°C Experiment 2 
From 0 to 44 mins , immersion of fingers R3, 4, 5 at 7°C nnd fingers L3, 4, 6 at 9°C 
From 44 to 59 mins , both hands immersed to wrist m bath at 19 4°C Skm temperatures 
of digits Rl, R3, R5, LI nnd L3 then recorded for further 70 minutes 
Fig 2 Effcot of arterial occlusion during cooling on the subsequent after reaction Fingers 
R3, 4, 5 nnd L3, 4, 6 cooled in bath at 0°C from 0 to 24 minutes Circulation to the left 
hand occluded by cuff on upper arm during these 24 minutes Both hands immersed to 
wrist in bath at 19 5°0 from 24 to 39 minutes Skin temperatures of digits LI, L3, L5, 
Rl and R3 then recorded for further 110 minutes Temperature course of L5 olosel} 
followed that of L3 and has been omitted from the figure 

Smce the course of many vascular reactions is influenced by the initial 
temperatures of the reacting parts, both hands vero immersed to the wrist 
m a bath at 20 °C for 16 minutes after the end of the coohng period The 
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dried hands were then exposed to air and dry thermojunctions reapplied 
Daring the subsequent period of recovery from cooling, the thumb 
temperatures remained constant or rose slowly as the subject rewarmed 
Such rewarming was only allowed to occur gradually and provided rapid 
rewarming was avoided, general vasodilatation of the hands did not occur 
The temperature of recently cooled fingers at first followed that of the thumbs 
but after a variable interval the after-reaction started as shown by an 
abrupt nso of temperature occurring in the previously immersed fingers only 
These then remamed varmer than the control thumbs for an hour or more 

TABLE I 


Influence of coolxng temperature on size of subsequent after reactions in the middle 
finger The 3rd, 4th and 5th fingers were cooled for 44 minutes 


No 

of 

Expt 

Subject 

Bath temp 
in °0 

j Size of after reaction 

Duration . 
of after 
reaction j 
in mins 

Delay in 
onset of 
the after 
reaction 
from the 
end of 
cooling 
m mins 

Area* 
m cm 5 

Maximum 
temperature 
difference 
abote 
control 
thumb 
m °C 

1 

H H W 

L3 4 8 

R3 10 0 

20 1 

98 

7 8 

34 

06 

67 

70 

81 

2 1 

H H W 


11 9 

24 4 

7 7 

98 

60 

66 

36 

36 

3 

H H W 

1,3 4 0 

R3 12 0 

32 0 

7 7 

7 7 

2 8 

80 

66 

91 

91 

4 

H H W 

L3 2 0 

R3 14 0 

62 9 

8 0 

12 8 

3 0 


66 

64 

7 


L3 8 0 

30 0 

10 6 

71 

37 

11 



81 7 

11 8 

148 

44 

9 


L3 11 0 

R3 on 

6 0 

38 4 

2 6 

6 9 

63 

112 

21 

6 

17 

E D R 

L3 3 0 

R3 8 0 

60 8 

19 0 

11 8 

7 0 

78 

08 

30 

33 

10 

I J E 

L3 3 0 

B3 9 0 

82 7 

42 8 

13 9 

116 


14 

22 

16 


L3 12 0 

R3 6 0 

0 

39 6 

0 

113 

o 

87 

14 

23 

I J E 

R3 8 0 

8 6 

4 3 

30 

90 

20 

E E P 

R3 8 0 

44 2 

0 7 

120 

27 


* Here and subsequently, an area of 1 cm. 1 corresponds to a temperature difference of 1°0 
for 10 mm, or equivalent values 
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( see Fig 1) The after-reaction could easily be distinguished from general 
vasodilatation because, when this was produced m these subjects by heating 
tho legs, the thumb and finger temperatures rose together and about equally 

To estimate the size of after-reactions, the skin temperatures of the 
third finger and tho control thumb were plotted against time and the area 
lying botween those two curves v as measured over the whole course of the 
after-reaction until the finger temperature returned to that of the thumb 
In so far as skill temperature is proportional to bloodflow, the area measures 
the additional bloodflow due to the after-reaction The area depends both 
on the temperature rise and on tho total duration of the after-reaction, and 
is more accurately estimated than either of these factors individually 


Results 

The influence of the cooling fcmperatuie on the size of the after-reaction 
Table I gives tho results of observations on four normal subjects whose 
fingers were cooled for the same duration of 44 minutes but at different 
temperatures Tho measurements all refer to the tlnrd finger After- 
reactions were simultaneously recorded in one other finger of the same hand, 
usually the little finger, but as the temperature curves of the two fingers 
followed each other closely, measurements aro given only for the middle 


Alter Read tea 
Aril h cm.* 



Fig 3 Fig 4 


Fig 


Fig 


3 Influence of cooling temperature on subsequent nfler reaotion Size of the renction 
expressed as area in cm 3 between the temperature curies of the rencting middle finger and 
control thumb, an area of 1 cm 5 corresponding to n 1°C difference for 10 mm or equivalent 
values The 3rd, 4tli and fitli fingers were cooled for 44 minutes Different symbols rclcr 
in this and subsequent figures to different subjects 

4 Influence of cooling temperature on subsequent after renction Size of the reaction 
expressed ns the maximum temperature difference in °C between the reacting middle 
finger and control thumb The 3rd, 4th and 5th fingers were cooled for 44 minutes 
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finger Fig 1 is a typical example in which the after-reactions of fingers 
cooled at 7°C were compared with those of opposite fingers cooled at 9°C 
When the fingers of two hands were compared, the after-reaction m the 
fingers cooled at the lower temperature was always the larger (Table I) 
Results are also given for four experiments m which one hand only was 
cooled for this duration 

Fig 3 shows the relationship between the cooling temperature and the 
size of the subsequent after-reaction, expressed as the area between the two 
temperature curves The size of the after-reaction increases about linearly 
as the coohng temperature is lowered Fig 4 demonstrates the similar 
relationship between coohng temperature and the greatest temperature 
difference between third finger and thumb reached during the after-reaction 
It is seen that the size of after-reactions depends on the temperature at which 
the fingers are cooled, and this relationship is not modified even if the reactions 
are delayed for as long as one and a half hours from the end of immersion 
Under the conditions described, the highest coohng temperature wluch 
gives rise to after-reactions is approximately 15°0 Six observations were 
made on one subject (HHW) and two on another (EEP ) m which the 
3rd, 4th and 5th fingers were always cooled at 6°C for 24 minutes The 
results are given in Table II and show a reasonable constancy of the results 
from day to day and in the two subjects 

TABLE n 


The size of after reaction* in the middle finger after cooling of the 3rd, 4th and 5th 
finger * at f)°0 for 24 minutes 


No of 
experiment 

Subject 

Sire of after reaction. 

Area 

in cm 1 1 

1 

Maximum 
temperature 
difference nbo\ e 
control thumb 
in °C 





15 

HHW 

L3 36 8 

R3 40 0 

10 2 

10 2 

19 

HEW 

L3 21 1 

8 5 

21 

HHW 

L3 32 5 

R3 25 0 

8 9 

09 

28 

H H W 

L3 21 4 

6 6 

29 

EEP 

L3 30 9 

R3 35 6 

9 7 

9 9 


Mean = 30 4 Mean =89 


Standard 
Deviation = 72 


Standard 
Deviation =14 
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TABLE IU 


Influence of the duration of cooling on the stze of the after reaction in the middle finger 
after cooling of the 3rd, 4th and 6th fingers at 8 °0 


No of 
expt 

Subject 

Duration 
of cooling 
in mins 

Sizo of after reaction 

Duration 
of after 
reaction 
in mins 

Delay in 
onset of 
the after 
reaction 
from the 
end of 
coohng 
in mins 

Aren 
in cm ’ 

Maximum 
temperature 
difference 
above 
control 
thumb 
in °C 

7 

H H W 

L3 44 

R3 22 

30 0 

17 0 

10 0 

8 0 

71 

63 

37 

43 

8 

H H W 

L3 11 
R3 88 

0 

08 3 

0 

122 

0 

160 

32 

17 

E D R 

R3 44 

19 0 

7 0 

08 

33 

20 

E E P 

L3 88 

R3 44 

80 3 

44 2 

10 9 

9 7 

134 

120 

23 

27 

23 

I J E 

L3 10 

R3 44 

0 

8 6 

0 

43 

0 

30 

90 

18 

H H W 

L3 120 
R3 00 

38 4 

06 7 

10 8 

12 6 

87 

120 

23 

23 

26 

H H W 

L3 160 
R3 76 

40 2 

77 6 

2 3 

13 2 

83 

134 

27 

26 

32 

H H W 

L3 180 
R3 100 

24 1 

10 7 

00 

4 8 

71 

71 

104 

104 


The influence of the duration of cooling on the size of the after-reaction 
Table III gives the results of experiments m which the fingers of the two 
hands were cooled at the same bath temperature of 8°0 but for different 
durations It will be seen that for durations up to 11 hours the finger cooled 
longer always gave larger after-reactions than the finger of the opposite hand 
cooled for a shorter period This is illustrated in Tig 5 in which the size 
of the after-reaction, m terms of the area measured, is plotted against 
durations of coohng for periods up to 1 J hours The size of the after-reaction 
is about hnearly related to the duration of previous coohng This is also 
true if the size of the after-reaction is expressed m terms of the maximal 
temperature difference between the reacting finger and control thumb If 
coohng is continued for over 1£ hours, the subject and his arm often become 
severely cold, the after-reaction is long delayed and may be slight or transient 
Avhen it occurs It seems likely that a persistent high general or local 
vasomotor tone may dimmish the after-reaction after such long periods of 
coohng 
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Delay m onset oj after-reactions Wlien the hands are removed from the 
bath at 20 °C and placed in air, the fingers at first reach and remain at room 
temperature During this period before the after-reaction starts, the 
nailbed of previously cooled digits is seen to be deeper m tmt than that of 
control digits It has been observed that after-reactions are thus delayed 
while the subject feels generally cold, but develop when lie begins to rewarm 
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Fig C Influence of duration of cooling on subsequent after reaction Size of the reaction 
expressed as the area m cm 1 between the temperature curies of the reacting middle finger 
and control thumb The 3rd, 4th and 5th fingers were cooled at 8°C 

Fig 0 Eelationship between size of hunting reactions during cooling and size of the subsequent 
after reaction in the same finger 

Size of hunting reactions expressed as the total area in cm J between the temperature 
course of the immersed finger and the bath temperature Size of the after reaction expressed 
as the area in cm * between the temperat ure curves of the reacting finger and control thumb 
The 3rd, 4th and 5th fingers were cooled at venous temperatures and for durations up to 
1 J hours Measurements refer to reactions in the middle finger 


After a period of delay which has varied from 6 to 164 minutes, the after- 
reactions in the two hands start abruptly and usually within a few minutes 
of each other although the hands have previously been cooled unequally 
Continued local cooling at 20 °0 may also prevent the after-reaction from 
developing This was shown by immersing three fingers of both hands at 
6°C for 24 minutes and then transferring the hands to a bath at 20°C One 
hand nas kept immersed m this bath for 90 minutes uhilst the other was 
taken out after 15 minutes An after-reaction began in the fingers of the 
latter after 30 minutes and ran its full course during the next hour, but no 
after-reaction occurred in the fingers of the opposite hand during the period 
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of continued immersion at 20 °0 It appears therefore that the after- 
reaction is delayed, not according to the degree of previous cooling, hut 
until the general and local vasomotor tone falls and allows the more proximal 
blood vessels to re-open When it occurs, however, its size is, within wide 
limits, proportional to the degree and duration of previous cooling 

The effect of arlenal occlusion on the afler-reaclion The effect of 
circulatory occlusion during the cooling period on the size of a subsequent 
after-reaction has never been adequately established In a few experiments, 
we have found that the after-reaction is unaffected by circulatory occlusion 
during cooling In Fig 2 are shown the results of an experiment in which the 
third, fourth and fifth fingers of botli hands u ere cooled simultaneously in a 
bath at C °C for 24 minutes The circulation to the left hand was kept occluded 
during this period by a pressure cuff inflated at 180 mm of mercury On 
removal from the cold bath, the occlusion u as discontinued and, after the 
usual immersion of both hands in a batli at room temperature for 16 
minutes, the after-reactions in the two middle fingers were recorded As 
shown m Fig 2, the subsequent after-reactions m the third fingers followed 
each other very closely and did not differ m size Similar experiments 
showed that arterial occlusion m the interval between the cooling period 
and the onset of the after-reaction also fails to influence the size of the 
reaction 

During these occlusion experiments, release of the circulation was as 
usual followed by a period of leaclive hypenenna This preceded the after- 
reaction and was accompanied by only a small and transient rise of skin 
temperature as compared with the larger and longer rise during the after- 
reaction Using the same aiea measurements for both reactions, the area of 
an after-reaction following cooling at 0°C for 24 minutes was approximately 
20 times as great as that of a reactive hypenemia in the opposite hand 
following a circulatory arrest of equal duration at room temperature It 
follows that anoxia due to vasoconstriction during cooling cannot contribute 
appreciably to the size of after-reactions 

Size of vasodilator “ hunting reactions ” during cooling The course of 
the recurrent vasodilator “ hunting reactions ” occurring during cooling and 
described by Lewis (2), has also been followed during the periods of immersion, 
and the mean skm temperature rise produced by them has been estimated 
by dividing the area mcluded between finger and bath temperature curves 
by the duration of cooling The mean rise observed decreases progressively 
as the cooling temperature is increased from 3° to 10°, above winch these 
hunting reactions have been slight or absent under the conditions of 
immersion that we have used As both liuntmg and after-reactions have 
been shown to increase as the cooling temperature is lowered, it follows that 
the size of after-reactions will also increase with the size of the preceding 
huntmg reaction in the same finger This relationship is shown m Fig 6 
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Discussion 

Quantitative studies of the hunting and after-reactions have been made 
so that they could be compared with similar data from subjects hable to 
chilblains In particular, it seemed possible that the after-reaction, which 
may continue for several hours after suitable cooling even in normal subjects, 
might be the basis for the vasodilatation and oedema of a developing 
chilblain in an affected subjeot It is clear from the present work that the 
relevant abnormality in such subjects might be one of several kinds abnormal 
tissue cooling under given conditions of exposure , an altered temperature 
threshold for after-reactions , an abnormal delay of after-reactions by local 
or general vasomotor tone , an undue duration or degree of after-reactions 
after a given cooling , or possibly an impaired circulation during cooling from 
absence or reduction of hunting reactions The swelling might also depend 
on the degree of capillary permeability to protein during the after-reaction, 
or on the rate of lymphatic removal of any interstitial fluid so formed It 
was therefore desirable to study the after-reaction quantitatively and to 
know the degree and duration of cooling at which it reached its maximum 
si 2 e m normal subjects It may be mentioned that measurements of finger 
volume have shown no significant changes during or following the after- 
reaction m normal subjects under any coohng conditions that have been 
used 

It is normally assumed that the after-reaction is caused by chemical 
substances liberated dunng coohng as a result of tissue injury An increase 
in size of after-reaction with a greater degree or duration of coohng is clearly 
consistent with this view, if greater coohng causes increased tissue injury 
It is, however, difficult to ascribe the after-reaction to release of freely 
diffusible substances, since the reaction has been shown to occur after a 
variable period of delay and its size is not influenced by the length of this 
delay It would be anticipated that a diffusible substance would slowly 
escape during this period and that the size of after-reactions would vary 
inversely with the length of delay 

Two other observations suggest that any chemical substances responsible 
for the after-reaction must be both Btable and fixed in the tissues Firstly, 
the reaction is often sustained for over two hours, despite the rapid bloodflow 
through the part during this period Secondly, it is not reduced m size, 
even if the bloodflow of the part has been increased by a reactive hyperiemia 
occurring between the period of cooling and the onset of the after-reaction 

It appears further that any substances responsible for the after-reaction 
are insufficient to cause or maintain dilatation of the more proximal blood 
vessels, smce otherwise the reaction would not be delayed untd a general fall 
m vasomotor tone took place We have also seen temporary interruptions 
of after-reactions uhich could be ascribed to general vasoconstriction from 
body coohng Dilatation of the small vessels, as shown by the deepened 
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tint of the nail bed, is however present immediately after cooling and 
throughout the delay which precedes the after-reaction It appears therefore 
that the after-reaction is not manifested until relaxation of tone in more 
proximal vessels allows a rapid bloodflow through the already dilated small 
vessels 

Summary 

1 A method is described by which the vasodilator after-reactions 
occurring in recently cooled fingers can he estimated quantitatively 

2 The magnitude of these reactions increases as the coohng temperature 
is lowered 

3 The magnitude of these reactions also increases with the duration 
of coohng up to 14 hours 

4 The after-reactions can be delayed by as much as 2 hours or longer 
and tins delay depends on the subject’s general and local vasomotor tone 

6 After-reactions are characterised by vasodilatation persisting for 
as long as 2 to 3 hours in some experiments 

6 Circulatory arrest during or after exposure to cold does not alter 
the size of the subsequent after-reaction 

7 Quantitative data on the hunting reactions occurring during coohng 
are also recorded 

8 The possible significance and mechanism of the after-reaction is 
discussed 
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THE IMPAIRMENT OF SENSATION IN BURNS AND ITS CLINICAL 
APPLICATION AS A TEST OE THE DEPTH OP SKIN LOSS 

By J P BULL and J E LENNARD-JONES * 

( From the Medical Research Council Industrial Medicine and Burns Research 
Units, Birmingham Accident Hospital ) 

The early diagnosis of the depth of bum damage is becoming increasingly 
important with the development of immediate grafting of full tlnokness loss 
The appearance of a bum sometimes gives a clear indication of the depth 
but there are many cases which remain doubtful and m which accessory 
tests would be valuable 

It has been recognised for many years that bums of different depths 
retain different sensory pow ers Dupuytren (4) m 1832 mentioned changes of 
sensibility following burning and more recently Cope and others (3) state that 
sensation is lost m full thickness bums and Colebrook and others (2) found 
that a series of second degree experimental burns were partially anaesthetic 
to pm-pnek The present study was undertaken to investigate the sensory 
responses of skin damaged m different degrees by burning and to devise if 
possible, from these findings, a practical test of bum depth Early 
experiments showed that alterations in the response to painful stimuli 
show ed greatest promise of providing such a test , pam was therefore 
examined in greater detail than the other modes of sensation 

A detailed investigation of experimentally produced bums nas made 
because observations on patients are not easily controlled and opportunities 
for repetition are limited by clinical factors The correctness and practica- 
bility of tests derived from these experiments were assessed by a detailed 
study of the bums of six patients 

I — Experimentally produced burns 
Methods 

The burn Bums were induced on both of us with a burner (Fig 2) of 
the type described by Lewis (5) This consists of a sohd brass cylinder 
weighing 1 kg , having a small cylindrical projection 1 6 cm m diameter 
Before being used the burner was heated for several minutes m a constant 

* Work undertaken on behalf of the Medical Research Council 
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temperature water bath , it was then rapidly removed from the bath, dried, 
held m a towel, and the surface of the small projection was lightly pressed 
onto the skm for the time required The bums were made either on the 
extensor surface of the forearm or on the calves 

If later there was loss of the superficial skm layers, the bums were 
treated by simple occlusion with a transparent nylon film of the type described 
by Bull, Squire and Topley (1) 

The depths of the bums were judged from their subsequent clinical 
progress For example, a burn of G2°C for 30 sec which epithehalised 
from below and healed completely in 23 days was taken to be a deep partial 
thickness lesion, while a bum of 65°C for 30 sec on the same subject which 
epithehalised from the edges and took 61 w eeks to heal was assumed to be a 
full-thickness lesion The former showed no signs of clinical infection , 
the latter was sterile through most of its course 

The stimuli As standard pam stimulators a senes of weighted needles 
were made (Fig 4) Small sewing needles w r ere found to be suitable A 
knob of solder was made at the eye of the needle and nearer the pomt a second 
larger mass of solder was attached, so as to make the weight up to 3 or 6 
grammes Each weighted needle -was then mounted m a holder of heavy 
gauge copper wore bent so as to support the needle loosely between the two 
masses of solder The pomt of the needle could thus be poised over the 
area to be tested and then lowered so that the full w r eight was acting upon 
the skm A constant stimulus could therefore be given and the responses 
of the subject compared for different areas and with those of other subjects 
The complete needle and holder could be boiled for sterilisation or dry- 
stenlised in a glass tube wuth a cotton wool stopper m which it could be 
kept ready for use 

So that stimuli should be regularly spaced inside and outside the bum 
area a transparent radial grid was prepared This was made of photographic 
film from which the emulsion had been removed , wdien necessary, it was 
sterilised by boding Tins grid had six radiating lines of holes spaced at 
2 mm intervals, and tliree concentric circles divided it into a central circle 
corresponding to the bum and two annuli 0 8 cm apart (Fig 3) The central 
circle and the two annuli each contamed 24 holes When in use, the grid was 
centied over the burn and the skm under each of the holes was stimulated 
once with the weighted needle , consecutive stimuli were given at some 
distance apart 

The stimulator for hot and cold sensation consisted of a copper rod 
maintained at a constant temperature by a water jaoket (Fig 5) Most of 
the rod was immersed m a test tube containing either hot water or an ice- 
water mixture .The free end of the rod projected through the bung of the 
tube and w r as rohnded for apphcation to the skm The stimulator was 
used by moving it slowly over the skm surface 
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Touch sensation was sometimes reported w hen the pam and temperature 
stimulators uere applied In some bums with intact skin, cotton wool and 
Von Frey’s hairs w ere also used 

Technique, of observation During the sensation tests the subject sat 
without looking at the area bomg stimulated and with the experimental 
area supported horizontally At the beginning of each complete experiment 
the area to be burned w as marked on the skin A control investigation of 
the sensation in and around tins area w as made before burning and another 
1 m estigation was made immediately after burning Further observations 
were made at intervals subsequently until the sensation m the burned area 
had returned to normal 

When a pain stimulator was used the subject reported whether — 

(a) there was no sensation “ 0 ” 

(5) there was a sensation of touch only “ 0 ” Touch 

(c) there was a sensation of pam similar to that 

experienced from normal Blnn “ 1 ” 

(d) there was a severe sensation of pam similar to 

that experienced from hyperalgesic skm “ 2 ” 

For convenience these were designated “ 0 ”, “ 0 ” Touch, “ 1 ” and “ 2 ” as 
shown The experimenter recorded the subject’s observations on an en- 
larged diagram of the gnd so that the results were recorded in their position 
relative to the bum 

Observations 

Observations were made on a series of experimentally produced bums 
ranging m sex enty from slight erythema of the skm to full thickness lesions 
The sensibility to pnm stimulation was investigated m all the bums , 
sensibility to heat, cold and touch was investigated m some of the bums 

(1) Hot and cold sensibility Hot and cold sensitive spots in the skm 
are much more sparsely distributed than touch and pain receptors For 
this reason an apparent loss of hot and cold sensation in a small bum may not 
be significant Furthermore sex eral cold spots w ere found after 1 and 5 days 
in a full-tluckness skin loss bum Because of this dispersed punctate 
distribution of the sensitive spots and the presence of cold sensation in a 
full-thickncss bum it seems unlikely that temperature sensibility can provide 
a satisfactory test of bum depth 

(2) Touch sensibility Some of the stimuli with a 3 gm needle on 
normal skm give nso to a sensation of touch, the remaining stimuli being 
felt as painful On stimulating partial thickness bums more of the responses 
are of touch only and tins proportion rises with increasing depth of burning 
In addition, some sriniuk may gne rise to no sensation at all when there is 
deep partial skin loss Complete anaesthesia of an experimental bum was 
hardly ever observed although m full thickness skm loss a large proportion 
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(70 to 90%) of the stimuli during the first few days after burning may give 
rise to no sensation and the remainder to a sensation of touch only ' Most 
stimuli with a G gm needle or with a blunt stimulator in such a case could 
elicit a perceptible, though reduced, touch sensation 

Our observations thus suggest that touch sensibility is only seriously 
impaired in full thickness burns and even m these there may be sufficient 
persistent touch sensation to make a clear judgment of depth of burning 
impracticable 

(3) Spontaneous pain Immediately after burning there was a pain- 
freo interval lasting up to 25 minutes There then follou ed a period of 
spontaneous soreness Neither the time of onset nor the duration of this 
soreness seemed to have any simple relationship to the severity of the bum 
For example, five burns of differing severities on one subject gave the 
following results 


Burn 

Sc\ enty 

Onset of 

spontaneous pam 
| nftcr burning 

Duration of 
spontaneous 
pain 

GG°C for 30 see 

j Erythema onlj 

7 mins 

12 mms 

00°C for 30 sec 

| Erythema only 

17 mins 

73 mms 

GO'C for 30 sec 

Partial thickness hum 

2 nuns 

118 mms 

C2°C for 30 sec 

Deep partial thickness bum 

24 mins 

0 mms 

0G°C for 30 sec 

Full thickness bum 

/Slight pam 30 mms 
< More severe 
' pam 75 mms 

5 mms 

45 mms 


The spontaneous pam during this period could be relieved by coohng 
and recurred on re-warming the burned skm The critical temperature at 
which the pam reappeared gradually rose as the painful state passed off 
After pam had ceased to bo felt at room temperature it might still return 
when the burned skm was immersed m a hot bath Trauma or infection of 
the bum gave rise to a further period of spontaneous soreness 

(4) Pain on stimulation From the notation adopted each pam response 
may be characterised The pam sensation of an area, however, can only bo 
completely described by stating the relative proportions of “ 0 ”, “ 1 ” and 
“ 2 ” responses We found that the skm damaged by burning gave a higher 
proportion of “ 0 ” responses than normal skm and the skm around the bum 
gave some “ 2 ” responses The degree of analgesia or hyperalgesia is 
shown by the proportion of “0” or “2” responses observed, since normal 
skm gives mainly “ 1 ” (with a few “ 0 ”) responses 
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Hyperalgesia occurred m the skin surrounding the bum after all but 
the least severe bum m this series (55°C for 30 sec ) The maximum 
hyperalgesia occurred within 40 mins and on the same subject its intensity, 
judged subjectively, was the same after bums of different seventy The 
subsequent duration of the hyperalgesia bore no simple relation to the 
seventy of the hum For example, three bums made on the same subject, 
one causing only erythema (60 °C for 30 sec ), one causing a deep partial 
thickness lesion (C2°C for 30 sec ) and one causing a full thickness lesion 
(65°C for 30 see ) each produced surrounding hyperalgesia in which at its 
maximum 50 to 75% of the stimuli with a 3 gm needle gave a “ 2 ” response 
The hyperalgesia around both the erythematous hum and the full thickness 
bum had decreased within 80 minutes so that only 20 to 30% of the stimuli 
gave a “ 2 ” response, whereas the hyperalgesia around the deep partial 
thickness lesion had only decreased to this extent 4 hours later 

In the other subject the hyperalgesia at its maximum was nevor as 
great as that described above, only 35 to 65% of the stimuli giving “ 2 ” 
responses around similar bums 

The extent of the hyperalgesia around one full-thickness bum (G6°C 
for 30 sec ) was investigated by usmg a larger grid At 20 minutes after 
burning the hyperalgesia extended to 6 ems from the edge of the bum and 
more than one half of the stimuli uith a 3 gm needle gave a “ 2 ” response , 
at 80 minutes after burning the hyperalgesia extended to only 1 2 ems from 
the edge of the bum and only one quarter of the stimuli gave “ 2 ” responses 
The edge of the hyperalgesia was fairly sharply de-hmited and there were 
only scattered “ 2 ” responses beyond the distances stated 

Stimulation of the bums themselves shoved an increasing degree of 
h ypoalgesia with increasing seventy of burning The results obtained during 
the first day after burning m bums of different seventy are shown m the 
diagram, Fig ] The responses obtained on the edges of the bums are not 
included m these results 

Three bums (one of 55°C for 30 sec and two of 60°C for 30 sec) 
causing only erythema show ed at the most a transitory loss of pam response to 
some stimuli This decreased sensitivity to pain lasted for less than an hour 
after burning and afterwards pam sensation was normal The bum A, in 
the diagram, was the most severe bum of this type and caused the superficial 
layers of the skin to peel shghtly on the sixteenth day after burning 

Two bums causing deep partial tluckness lesions (bum D, 60°C for 
30 see and bum E, C2°C for 30 sec ) showed a gradually increasing 
hvpoalgesia so that between 2 and 24 hours after burning 40 to 80% of the 
stimuli gave nse to no pain sensation This proportion decreased to 28% 
after five days m bum E 
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T wo burns (burn F, G2°C for 30 sec, and bum G, G5°G for 30 sec) 

,Zc n t C: so r: 1 ; 0 ? r “ 1,o " cd “ lmost “-* 1 - m 

more than 80 / 0 of stimuli gave nse to no painful response from U hours 
after burning, until 27 days m bum G and until more than 11 daysmbiS 
Bum F became clinically infected after the 14th day, and thereafter a 
piopoition of “1” and “2” responses uere found 



1' jp I Tiio lo pniilpoFin of ONporiinpiiln! bums of cb/Tcrenf. sen only shown ns the proportion of 
pmnloss responses to tho weighted needlo 


II — Absence or tain response on stimulation as a guide to burn 

DEPTH 

The observations described have shown that m a bum many stimuli 
with a weighted needle produce no pam , these may be felt as touch or not 
felt at all The relative proportion of painful to non-painful responses 
depends on the severity of tho bum This criterion may be made the basis 
of a test of bum depth 

The description to be given of the sensation expected m different types 
of bum assumes that the tests are made between 2 hours and 2 days after 
burning Befoie this time our results show great variation in. the responses , 
aftei tins time pain sensation may return almost to normal in partial 
thickness bums although there is little if any pam sensation in a full thickness 
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burn until much later Clinically the test may be made -with a standard 
weighted needle ns described or failing this, the same general results can be 
obtained using a sterilised hypodermic needle apphed until similar pressure 
Wien the stimulus is felt, it is important to find out whether the sensation 
is that of “ touch ” or “ pain ” 

Burns causing onl} r very slight skin damage such ns those produced 
by ultra-violet radiation may show a temporary hyperalgesia of the bum 
area A more usual finding in slight thermal bums, presenting clinically 
an erythema with or without late superficial blistering, is that the responses 
to pricking stimuli arc similar to those of nomial skin with perhaps a few 
(0 to 2 out of 10) of the stimuli felt as touch rather than pam With increasing 
degrees of partial thickness damnge this proportion of painless responses 
increases Bums with deep partial thickness lesions give up to 8 out of 10 
non-painful responses but few stimuli are completely undetected Bums 
with full thickness lesions give a very high proportion (8 or more out of 10) 
of non-pamful responses and of these a high proportion (7 out of 10) in turn 
give no sensation at all if a light stimulus is used If a heavier stimulus 
(0 gm ) is used the high proportion of non-painful responses remains unnltered, 
but the non-pamful pricks may be felt ns touch Tlius the absence of pain 
is the more certain criterion of bum depth but with practico the absence of 
touch sensation to light stimuli may be an additional guide 

The value of such a test might bo limited by two factors Firstly some 
of the body regions might bo insensitive to the pam stimulus used Secondly, 
the hypoalgcsia found after burning might be caused by simple physical 
factors of insulation such ns by oedema and not by the degree of damage 
to the tissues 

The whole body surface except for the palms of the hands and soles 
of the feet was found to be sufficiently responsive to make the test feasible 
This is demonstrated in Table I which shows the results of 50 observations 
with a 3 gm needle on each of 18 bod} surface regions of two subjects 

The formation of visible oedema has not been found to cause measurable 
hypoalgcsia Thus hypoalgcsia was estabhshed before there was any 
evidence of oedema formation in two partial thickness and one full thickness 
bum , in the two former the proportion of analgesic responses remained 
constant after oedema formation had occurred As further evidence, no 
marked hypoalgcsia was observed in a partial thickness and a full thickness 
bum at a time when there was definite oedema, although hypoalgesia de- 
veloped later 

In three bums a plaque of burned skin or slough which formed several 
da\s after bummg made tests of sensation unreliable until the tissues were 
again exposed 
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TABLE I 

BcauUa °J sensation tests on different areas of normal slm expressed as 
percentage of stimuli reported painless (50 tests with 3 am needle on each 
area of each of two subjects) 



Flexor surface 

Extensor surface 

Percentage painless 

Perccntogc painless 

Upper limb 



Arm 

10 

0 

Forenrm 

3 

11 

Hand and fingers 

83 

18 

Lower Utnb 

j 


Thigh 

n 

20 

Log 

18 

32 

Foot and toes 

100 

24 

Face and neck 

0 

4 

Trunt 


! 

Thorax 

2 

10 

1 

Abdomen \ 

10 

4 

Buttocks 


23 


III — OlJSERVATIONS UPON CLINICAL CASES 

Six clinical eases of moderately severe burning were examined in detail 
on admission and evidence of the true depth of the lesions was obtained 
from the clinical progress of healing and m some cases by histological biopsy 
Patients were selected whose bums u ere not very extensive and who could 
co-operate intelligently with the tests They were otherwise a mixed group 
and comprised one case of electric bums of tho hand, one bitumen bum and 
one flame burn of tho forearm, an alkali burn of the back, a metal burn of 
leg and a steam scald of the buttock Different areas of these bums gave 
every degree of damage from erythema to charring 

Each case was thoroughly examined within a few hours of the ocourrenco 
of tho burn The detailed appearances of the areas studied were noted and 
drawings and photographs made The sensation tests were performed with 
a sterilised weighted needle Both 3 gm and 6 gm needles were used and 
the findings corresponded, although the heavier needle gave in general a 
clearer result Tho radial grid was not used, the tests being made at random 
over the areas studied The summarised results are shown in Table II 






Summary 0 / upon clinical cents 




Summary of findings upon dtntcal cases 
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On the •whole the expected close relationship between sensation and 
depth of bum was confirmed The findmgs on superficial and partial 
thickness lesions paralleled the studies on experimental hums, the burnt 
area being hypoalgesic and the surrounding skm hyperalgesic The precise 
depth of burning was confirmed by biopsy m three cases of partial thickness 
loss, and the subsequent rate of regeneration was followed m all the cases 
and provided a further check upon the correctness of the diagnosis 

Full thickness burning was present and confirmed histologically in five 
of the cases studied In four of these the areas concerned were analgesic 
to the weighted needle The remaining one (Case IV) gave an occasional 
positive response to the test This could only be elicited after a considerable 
questioning and it w as not clear w hether these stimuh were felt as touch or 
pain The clinical impression at the time was that some pam sensibility 
had persisted and that the area might be a deep partial skm loss rather than 
full tlnclcness The portion taken for biopsy showed an indubitable full 
tluckness lesion and this was confirmed bj r a repeated biopsy and the 
subsequent clinical course of the bum Apart from this ambiguous case the 
full thickness areas all showed analgesia when tested by the weighted needle 

Discussion 

Recent work on the anatomy of the skm (6, 7) has demonstrated the 
presence of a nerve net m the epidermis w r lnch is believed to subserve pam 
sensation It is reasonable to suppose that the degree of injury to this 
nerve net wall run parallel with that of the surrounding epithelial cells, and 
therefore that the degree of hypoalgesia wall be a useful measure of the 
depth of skm burning The present studies on experimental and ohmcaJ 
human bums suggest that this is so The finding of hypoalgesia wath 
partial skm loss is consistent with a partial damage to the superficial parts 
of the nerve net and the analgesia of full tluckness loss may likewise corres- 
pond to complete death or damage of the nerve supply 

There are limitations to any test which depends upon subjective 
responses of the patient and under the stress of a recent mjiiiy these 
responses may be misleading It is possible that the ambiguous result 
obtamed m Case IV of the clinical series was due to this subjective error 
On the other hand the test is quite simple and good co-operation is usually 
obtamed both with children and adults 

Summary 

1 A standard method for the study of pam sensation m normal skm 
and experimental bums is described The method has been simplified for 
use upon burned patients 

2 Results with this test apphed to experimental bums, normal skm 
and clinical bums are presented 
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1 These results nrc correlated with the depth of burning estimated In 
(he subsequent clinical course and, in some cases, by biopsy 

4 In general partial thickness bums, both experimental and clinical, 
showed moderately diminished pain sensibility In full thickness bums on 
the other hand, the pain sensibility wasgrcatly reduced or completely absent 
fi Tlie clinical test is simple and is considered to gne suflicitutly 
consistent results to proude a \aluable addition to the methods of diagnosis 
of the depth of skin damage in burned patients 
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Fig 4 The weighted needle (x 3/5) 



Fig 6 The tester for temperature eemation. (x 1/2) 




HEPARIN TOLERANCE IN RHEUMATIC EEVER 


By D GORDON ABRAHAMS* and L E GLYNN 
( From the Special Unit jor Juvenile Rheumatism, Canadian Red Cross 
Memorial Hospital, Taplow ) 


Introduction 

The intercellular connective tissue of the human body is made up of tivo 
components, collagen, and rnterfibnllar ground substanoe These two 
components can be easily distinguished under the microscope by differential 
staining The rnterfibnllar ground substance contains polysacohandes, and, 
particularly, sulpbated polysacchandes such as the mucoitm sulphuno 
acids 

Histological study of biopsy and post-mortem matenal obtained from 
patients with active rheumatic fever has suggested that the initial injury, 
as exemplified by the acute fibnnoid necrosis of the rheumatic nodule, 
involved this intercellular connective tissue It therefore seemed possible 
that the hypothetical toxic agent m active rheumatic fever might possess 
anti-polysacchande qualities Accordingly, the effect of admimstenng a 
similar polysacchande to patients with this disease has been investigated 

The only polysacchande of animal ongin readily available m adequate 
quantity and purity is heparin Hepann is a complex, highly polymenzed 
polysacchande and contains a vanable amount of sulphur, from 12 45 to 
13 8% (5) It is, in fact, a mucoitm polysulphunc acid Moreover, heparin 
has two further advantages It ocours naturally m the human body, and 
by virtue of its marked anti-coagulant power, its presence and physiological 
activity can be readily estimated For these reasons, the action of heparm 
was compared m normal individuals and m patients suffenng from active 
rheumatic fever A hepann tolerance test was used for this purpose 

Matenal 

The matenal studied was divided into three groups The rheumatic 
fever group consisted of patients bemg treated in the Special Unit for 
Juvenile Rheumatism at Taplow The majority of these patients w'ere 


* In receipt of a Research Scholarship from the Royal College of Physicians 
We wish to thank the medical staffs of Clare Hall and Ha re field County Hospitals for 
permission to study the tuberculosis patients and for the facilities afforded us 
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children, but some adults were also studied There were, m addition, two 
control groups , the first of these consisted of normal individuals, mainly 
members of the medical and nursing staff of the hospital , the other was a 


group of patients with 
summarised m 9 able I 

active tuberculosis 

TABLE I 

Classification of material 

The material studied is 

I 

A 

Rheumatic fever ■ 

27 cases 

B | 

Normal subjects 1 

| 1C cases 

c I 

1 

Acti\c tuberculosis 

2C cases 


Methods 

A heparin tolerance test was first used by De TakatB (3) He gave a 
standard dose of 10 mg of heparin and estimated the clotting time at 
regular intervals by the capillary tube method All his subjects were hospital 
patients and as a result of this work he divided them into normal, hypo-, and 
hyper-reactors Hagedom and Barker (4) repeated this work, using a 
larger dose of heparin — 25 mg — and employing the Lee and White (6) 
method for estimating clotting time They confirmed De Takats’ observa- 
tions 

In this present work the lieparm tolerance test has again been modified 
The response m different subjects has been rendered more comparable by 
varying the dose of heparin according to the body weight of the individual 
It was felt that this was particularly necessary m view of the wide variations 
m body weight, especially m children, the group most frequently affected 
m acute rheumatism All clotting times were measured by Dale and 
Laidlaw’s technique (2) This was adopted for the following reasons An 
excellent end-pomt is obtained by tins method Repeated venipunctures 
are unnecessary, which is a great advantage when dealing with children 
The results obtained by this technique are very consistent , they are 
comparable m character and degree, though not, of course, in magnitude, 
with results obtained by other methods Finally, with this technique the 
test only takes from one to one and a quarter hours, a considerable saving 
in time as compared with the technique of Lee and White 

Technique of test 

A control clotting time is first determined The patient is then weighed 
and 1 mg of heparin per kg body weight is injected intravenously The 
time at which the mjeotion is given is accurately noted, and clotting times 
are then estimated at ten-mmute intervals for fifty minutes from the time 
of mjeotion 
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Results 

In normal subjects tlie maximal prolongation of clotting is usually 
found at the ten- min ute reading, but in some cases the difference between 
the 10 and 20-minute reading is small At 50 minutes the clotting time is 
still considerably prolonged 

In subjects with active rheumatic fever the maximal clotting time is 
very much less, and by 60 minutes the clotting time has returned almost 
to normal 

The results obtained in the normal and in the rheumatic fever groups 
are summarised in Tables II and III below 


TABLE n 

Results tn normal subjects 


Initials 

Sex 

Age 

COT * 

i _ . 

Delay of clotting f 

M P T J 

10 

_ . 

[ 20 

30 ( 

1 

40 ; 

60 

DA 


30 

i 

3 5 

1 

12 0 



3 0 

25 J 

5 4 

PA 

F 1 

■ 

| 22 

30 

20 0 

75 

j 4 5 


ES 

7 5 

PB 

F 


30 

60 

66 


25 


42 

JB 

F 

28 

20 

11 0 

60 

j 6 5 

60 

50 ! 

! 

65 

KB 

M 

31 



70 

40 

40 

30 

52 

MC 

F 

17 

30 

7 6 



6 5 

60 

1 

1 66 

H.F 

II 


2 5 

50 

4 0 

■■ 




LG 

M 1 

1 1 

39 


18 5 


B 



S3 

EH 



2 5 



45 

2 5 

30 

42 

JH 


30 



6 5 

4 6 

1 3 0 1 

. , 

2 5 

i 

4 4 

GL 

M 

25 



5 5 

60 

40 ! 

40 

5 0 

SM 

F 

24 

36 

9 6 

1 

7 0 j 

4 6 

4 5 i 

3 6 1 

6 8 

I.M 

F 

20 

30 

11 0 

S 5 

i 

00 

1 

45 | 



JJSI. 

F 

25 

25 

10 6 

7 0 

4 5 

45 

2 5 

5 8 

J.K 


17 

2 6 

C 5 

0 5 

5 5 

40 

45 j 

5 4 

FS 


31 

2 6 

G 5 

1 

! 7 5 

05 

5 5 

4 0 

00 


* C C T =3 Control clotting time (mins ) 

t Delay of clotting <= Actual clotting time minus control clottmg time 
J M J? T — Mean prolongation tune — average of 10 20 30, 40 and CO min clotting delays 
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table m 


Results in active rheumatic fever 


Initials 

Sox 

1 

Ago 

! 

ESR* 

CGT 

Delay of clot 

ting 


MPT 

10 

20 

30 

40 

60 

Q A 

F 



3 5 

30 

0 5 

1 0 

0 5 

— 

1 0 

M A 

F 



20 

30 

25 

20 

05 

05 

1 7 

E B 

M 



2 5 

45 

25 

20 

1 5 

1 5 

24 

LC 

M 

14 

[ 32 

2 5 

2 5 


26 

1 0 

1 0 

1 8 

CJB 


0 

22 

2 5 

3 5 

30 

25 

20 

20 

26 

BE 

n 

18 

33 

2 5 

5 5 

2 5 

26 

2 5 

2 5 

3 1 

HF 

1 m 



mm 

2 0 

20 

3 0 

20 

2 0 

22 

W F 1 M 

i 

9 

42 

2 5 

2 5 

25 

2 6 

2 5 

BB 

23 

JF 

m 

13 

j 35 

3 5 

30 

25 

30 

0 6 


21 

AG 

M 

11 

20 

3 5 

7 0 

30 

30 

26 

KB 

32 

BG 

F 

m 

122 

25 

30 

1 5 

1 6 

1 5 

1 0 

1 7 

JH 

M 

13 


25 i 

30 

2 5 

1 5 

20 

1 5 

21 

JH 

F 

7 

27 

mm 

2 0 

20 

1 0 

I 0 

10 

1 4 

AH 

M 

14 


'WES 

40 

35 

j 4 0 

| 20 

1 6 | 

30 

TH 

! M 

i4 ; 

00 

2 5 1 

20 

35 ! 

2 5 

j 26 

25 

2 0 

TJ 

M 

14 

50 

2 5 1 

i 

30 

3 0 

nn 

IB 

16 

22 

JK 


8 

22 

2 5 

1 5 

1 5 

2 6 ! 

i 

36 

■eh 

2 1 

JK 

n 

8 

75 

1 

4 0 

i 

40 j 

2 5 

1 5 

1 0 

10 ; 

2 0 

B.M 

M 

IS 



mm 

4 0 

30 


1 5 

26 



7 

35 


3 0 

2 0 

1 0 

0 5 | 

1 10 

1 1 6 
- — 

D P 

M 

12 

75 

2 5 

3 0 

3 5 



SB 

2 9 



20 

110 


IBI 

1 5 

1 0 

05 

06 

1 0 

IV S 

M 

— 


30 

3 0 

1 5 

1 5 

1 0 

10 

1 0 

KS 

M 

17 

34 

30 

■| 


2 5 

20 

10 

2 9 

B T 

F 

0 

■11 

3 0 

1 0 

2 5 

1 5 

20 

— 

KB 

1 7 

AT 

F 

27 

117 

30 

3 0 

2 5 

1 0 

KB 


1 0 

AW 

M 

; is 

58 

35 

55 

30 

1 5 

1 6 

0 5 

24 







* All sedimentation rates are the first hour reading by Westergren s method 
j- This patient was in congestive cardiac failure 


Average curves derived from these data are plotted m Fig 1 
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Fig 1 Average liepnnn tolerance cur\es in normals (abo\e), active tuberculosis (middle) and 
active rheumatic fever (below) The shaded area indicates range limited by ± standard 
error of the mean 


AVERAGE HEPARttl TOLERANCE CURVES. 


10 , 



TIME INTERVAL 


Fig 2 Average hcponn tolerance curves during active and inactive rheumatic fever The 
interrupted line (above) is the average curve obtained from normal patients. 
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Curves have been obtained from several patients during rheumatic 
activity and during the subsequent remissions 

and data ° bfcamCd fr ° m tWGlTO pafcients duna S activity 


TABLE TV 


Comparison of result* during rheumatic activity and inactivity 
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The first readings (a) were obtained during rheumatic* activity 

The second readings (6) were obtained during inactivity of rheumatio process 


Fig 2 shows the average curves derived from results tabulated m 
Table IV It will be seen that with subsidence of rheumatic activity, the 
tolerance to heparin is diminished Thus there is a reversion towards 
normal 

Active rheumatic fever is almost invariably associated noth an elevated 
erythrocyte sedimentation rate It was important, therefore, to ascertain 
the heparin response in individuals m whom the sedimentation rate was 
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raised from causes other than rheumatic fever For this purpose a number 
of patients suffering from active pulmonary tuberculosis were tested 
Results obtained m this series are summarised in Table V 


TABLE Y 

Boults t n active tuberculosis 
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Tlle average curve from these 2G tuberculous patients is illustrated m 
Fig 1, togethei with the corresponding curves from the normal and the 
rheumatic subjects It will be seen that m these patients there is some 
increase m heparin tolerance as compared with the normal subjects, but 
that the range is far removed from the rheumatic fever group The difference 
between the means as shown by these two curves always exceeds four times 
the standard error of the difference of these means, and thus is statistically 
significant 

Tliore is therefore some correlation between sedimentation rate and 
heparin tolerance This may be shown by plotting the mean prolongation 
times against the sedimentation rates (Fig 3) 



Fig 3 Relationship between mean prolongation time and E S R in tuberculosis and rheumatio 
fc\cr 

This relationship is presented in another way in Fig 4 The patients 
were divided into five groups according to sedimentation rate as shown 
in Table VI 

TABLE VI 


Grouping of rheumatic and tuberculous patients according to EJS R 


ESR 

Group 1 
0-20 

Group 2 
21-40 

Group 3 
41-00 

Group 4 
61-80 

Group 5 
[ Above 80 

TB J 

| No of patients 

8 

9 

5 

4 

0 

! A\cmge MPT 

4 2 

4 3 

30 

2 8 

1 — 

Rheumatic i 

fever < 

(nctrv e) 1 

(No of patients 
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9 

4 

6 

4 

t Average MPT 

1 2 4 

22 

22 

23 

1 3 


In Fig 4 the average of the mean prolongation times for each group 
is plotted against the sedimentation rate It will be seen that the height 
of the sedimentation rate does not affect the response to heparin m active 
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rheumatic fe\er In tuberculosis, houexer, the tolerance is increased when 
the sedimentation rate e\ceeds 40 mm although even then there is not 
such a high degree of tolerance to heparin as there is m rheumatic fever 

* TUBEACUlOJlS 

• RHCuwAtfc rtven 



Fig 4 A\ ernge prolongation, tunes compared with sedimentation rates in tuberculosis and 
rheumntic fever The patient b were grouped according to ESR as shown in Table VT 

Discussion 

These results show that in active rheumatic fever there is a very marked 
increase m resistance to the anti-coagulant action of heparin This hepann 
resistance seems to be very constant and does not depend upon the degree 
of nctivity of the rheumatic process as judged by the erythrocyte sedimenta- 
tion rate The mechanism of tins resistance is at present unknown, but 
there are several possible explanations Wilander (8), and Copley and 
Sohnedorf (1) have shown that about 20 to 25% of injected hepann can 
be recovered from the urme during the first hour There is little reason 
to suppose that the renal threshold to tins substance is lowered during 
rheumatic fever, and it is highly unlikely that renal excretion can account 
for these results Tins point is, kouever, being investigated 

It is possible that heparin is taken up from the bloodstream and stored 
m the tissues Piper (7) has recently shown that m rabbits, injected hepann 
may be demonstrated histologically m the reticulo-endothehal system, 
particularly in the liver and spleen More probably, hove\er, the hepann 
is mactnated m the bloodstream, possibly by protein binding Prebminary 
experiments have shown that blood from active rheumatic fever patients 
possesses a resistance to hepann added “ m vitro,” similar to that ukick has 
been demonstrated “ m vivo ” by the hepann tolerance test 

Summary 

1 In active rheumatic fever there is a marked increase in resistance 
to the anti-coagulant activity of hepann as demonstrated by the hepann 
tolerance test 
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2 Heparm tolerance bears a direct relationship to rheumatic activity, 
and with subsidence of tins activity the tolerance to heparin reverts towards 
normal 

3 The degree of heparin resistance bears little relationship to the 
degree of rheumatic activity as judged by the erythrocyte sedimentation 
rate 


4 Further study is necessary of anti-polysaccharide activity in the 
active rheumatic state 
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1 HE ROLE OF GASTRIC ACIDITY IN THE PATHOGENESIS OF 

PEPTIC ULCER 

By A H JAMES and G W PICKERING * 

( From the Medical Clime, Si Mary's Hospital, London) 


PERHArs the most widelj hold hypothesis of the pathogenesis of peptic 
nicer is that it is due to the action of gastric juice which is peculiar in that 
it contains abnormal amounts of acid, at least at certain times Thus 
peptic ulcer only de^lops m those parts of the alimentary canal exposed 
to gastric juice In the intact subject pro\ ed ulcers ha\ e never been found 
in the presence of proved anncidity', and after surgical operation ulcers 
recur onty in those whose gastric juice is acid (20) It is evident that, in 
man, acid is a necessary factor in the production of ulcer That it may be 
the essential factor is suggested by three types of animal experiment Mann 
and his colleagues (10) ha\e shown that operations which deflect the alkaline 
biliary and pancreatic secrotions from the duodenum are followed in dogs 
by the development of an ulcer or ulcers jn the duodenum just where the 
acid chj me, ejected through the pylorus, may be expected to impinge on 
the duodenal mucosa Dragstedt and Ins colleagues (4) have shown that, 
while duodenum and jejunum sutured into defects in the gastric wall remain 
intact when exposed to the ordinary stomach content of dogs, they become 
digested when exposed to pure gastric juice secreted by isolated pouches, 
as, indeed, does gastric mucosa itself Finally, Code and others (5) have 
shown that gastric and duodenal ulcers may be regularly produced m a 
variety of laboratory animals by intramuscular injection of lnstamme m 
beeswax, which produces a prolonged secretion of lughly acid juice 

In man the evidence that acid is the abnormal factor is at the present 
time lughlj equivocal, and is of two kinds, namely, that derived from test 
meals and that from aspiration of the stomach contents during the night 
Quite apart from technical objections, neither of these methods can give 
more than a fragmentary picture of gastric acidity In this paper we 
describe an attempt to obtain a more complete account of gastric acidity 


* It is a pleasure to record our thanks to Sisters Jones Sawyer, Mcnvale and Keehng and 
their staffs for their work in supervising diets and collection of samples, and to Dr E Kohan 
Williams and the staff of the Department of Radiologj for their never failing help 
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durjng fclio course of a whole day m subjects with gastric and duodenal 
ulcor and m subjects until no ulcer history We bogm until early experi- 
ments on nocturnal aspiration, and our reasons for discontinuing them 

Nocturnal aspiration of gastric secretion 

In the years 1942 and 1043, with the aid of Drs H D Juler and G M 
Barrett and the Nursing Staff of Harefield Hospital, en attempt was made 
to find out if the secretory behaviour of the stomach at night was abnormal 
in patients with peptic ulcer Seven normal subjects, mainly students and 
doctors, 12 patients with gastric and 11 with duodenal ulcers were 
investigated Four to five hours after the last meal of the day the stomaoh 
uas emptied through a Ryle’s tube, and the tube connected to a receiving 
bottlo and syphon maintaining a negative pressure of about 40 cm of water 
The collection was continued till morning, when the system was disconnected 
and the patency of the Ryle’s tube confirmed The aspirate uas measured 
and titrated m the ordinary way, using Topfer’s reagent 

DU 
GU 

N 

O 10 20 30 40 50 

mJ HCI per hour 

Fig 1 Shows t lie mtc of secretion of acid during the night, calculated from the -volume and 
the “ free acidity ” of the total aspirate In this, ns in subsequent diagrams, D U represents 
patients mth duodenal ulcer, G U patients with gnstno ulcer, and N subjects without 
ulcer Each dot represents a single case, the \ allies being n\ eniged where more than one 
determination lias been done 

The results arc shown in Fig I It aviII be seen that each group shows 
a considerable scatter Of the 12 cases of gastric ulcer two showed very 
high rates of secretion of HCI Each of these subjects was investigated 
twice, and the values shown are the mean of the paired results, wluoh agreed 
well Thus, m one subject the rates were 105 and 85 ml N/10 HCI per 
hour , in the other 52 and 32 ml per hour The remaining 10 oases of 
gastric ulcer all showed rates m or below the lower limits of normal In 
the 11 cases of duodenal ulcer secretory rates showed a vide scatter, but 
were m general at a higher level than in normal subjects, and much higher 
than the majority of patients with gastric ulcer Here again dupheates 
showed good agreement, in one case 30 and 38 ml and m another 10 5 and 
14 ml N/10 HCI per hour 

While it seemed possible that further investigations along these lines 
might reveal statistically significant differences, we did not pursue them for 
two reasons. In the first place we felt quite uncertain whether any 




GASTRIC ACIDITY AND PEPTIC ULCER 183 


differences found represented differences m secretory activity or merely 
differences in the efficiency of recoiery of the fluids entering the stomach 
In the second place the information gamed was in a sense not quite the 
information nc wanted Wlmt \\c wanted to know was the actual degree 
of acidity from hour to hour in the stomach 

Tiie pattern or o \stric acidity through 24 nouRS 
In answering the question as to whether an abnormality of mtragastnc 
acidity is or is not the cause of peptic ulcer, we should know the levels of 
gastric acidity' during the \arying circumstances m which the subject finds 
himself Wo have not y»ct succeeded in devising a method for doing this 
But we considered that if we could record the variations of mtragastnc 
acidity during a whole day r under standard conditions, we might obtain a 
closer approximation to the answer than has yet been given We had 
intended to do this by means of a small glass electrode which would bo 
introduced into the stomach and left there, but delays m the delivery of 
this led us to devise the following method 

24-hour sampling 

Samples of gastric juice were remoied during 24 hours, and their acidity 
determined All subjects received 4 meals during the day T , and drinks of 
milk at regular intervals between meals The meals taken w ere as follows — 
12 noon — Lunch , white fish, potato, carrot puree, fnut puree and custard, cup of ten 
2 pm — Milk. 

4pm — Tea , crustlcs3 bread and butter, tea golden *yrup 
Opm — Supper , white fish, potato, baked custard, brend and butter 
8 pun — Hilt 
10 pm — Milk, 

0 nan — Milk. 

8am — Breakfast , porridge, boded egg crustless bread and butter, cup of ten 
10 nan — JWk 

The milk feeds consisted of hot milk or Ovaltme Care was taken that 
nothing was eaten or drunk apart from the prescribed meals The samples 
at the time of meals were ordered to be withdrawn before the meal was 
begun, but this was not always earned out 

No medicines were given during the tests, alkalis being withheld at 
least 24 hours beforehand The effect of preceding alkah therapy is discussed 
later Smoking was not forbidden 

The patients were allowed to get up to toilet, but were otherwise 
confined to bed The 3 normal volunteers were up and about except at 
night 

The samples were obtained from a Ryle’s tube, which was passed, 
usually through the nose, at about mid-day At some time during the 
test an X-ray film of the abdomen was taken to ensure that the tip of the 
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during the course of a whole day m subjects uith gastric and duodenal 
ulcer and in subjects with no ulcer lustorj We begin with early experi- 
ments on nocturnal aspiration, and our reasons for discontinuing them 

Nocturnal aspiration or gastric secretion 

In the years 1042 and 1943, with the aid of Drs H D Juler and G M 
Barrett and the Nursing Stall of Harefield Hospital, (in attempt was made 
to find out if the secretory behaviour of the stomach at night was abnormal 
in patients with peptic ulcer Seven normal subjects, mainly students and 
doctors, 12 patients with gastric and 11 with duodenal ulcers were 
investigated Four to five hours after the last meal of the day the stomach 
uas emptied through a Ryle’s tube, and the tube connected to a receiving 
bottle and syphon maintaining a negative pressure of about 10 cm of water 
The collection was continued till morning, when the system uas disconnected 
and the patency of the Ryle’s tube confirmed The aspirate was measured 
and titrated in the ordinary way, using Topfcr’s reagent 

DU 
GU 

N 

O 10 20 30 40 50 

ml % HCI per hour 

Fig 1 Show s the rate of accretion of ncid during the night, cnlculnted from the \olume and 
t lie “ free acidity ” of the total aspirate In this, ns in subsequent diagrams, D U represents 
patients with duodenal ulcer, G U patients with gastric ulcer, and N subjects without 
ulcer Each dot represents n single case, the \ allies being niemged where more than one 
determination has been done 

Tho results are shown m Fig 1 It vail be seen that each group shows 
a considerable scatter Of the 12 cases of gastno ulcer two showed very 
high rates of secretion of HCI Each of these subjects vas investigated 
twice, and the values shown are the mean of the paired results, which agreed 
well Thus, in one subject the rates were 105 and 85 ml N/10 HCI per 
hour , in tho other 52 and 32 ml per hour The remainmg 10 cases of 
gastric ulcer all showed rates m or below the lower limits of normal In 
tho 11 cases of duodenal ulcer secretory rates showed a wide scatter, but 
wero in general at a higher level than in normal subjects, and much higher 
than the majority of patients with gastric ulcer Here again duplicates 
showed good agreement, in ono case 30 and 38 ml and in another 1G o and 
14 ml N/10 HCI per hour 

While it seemed possible that further investigations along these lines 
might reveal statistically significant differences, we did not pursue them for 
two reasons. In the first place we felt quite uncertain whether any 
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differences found represented differences in secretory activity or merely 
differences in the efficiency of recover}' of the fluids entering the stomach 
In the second place the information gamed was m a sense not quite the 
information we wanted What we wanted to know was the actual degree 
of acidity from hour to hour in the stomach 

The pattern of gastric acidity through 24 hours 
In answering the question as to whether an abnormality of mtragastnc 
acidity is or is not the cause of peptic ulcer, we should know the levels of 
gastric acidity during the varying circumstances m winch the subject finds 
himself We have not yet succeeded m devising a method for doing this 
But we considered that if we could record the variations of mtragastnc 
acidity during a whole day under standard conditions, we might obtain a 
closer approximation to the answer than has yet been given We had 
intended to do this by means of a small glass electrode which would be 
introduced into the stomach and left there, but delays in the delivery of 
this led us to devise the following method 

24-7ioitr sampling 

Samples of gastnc juice were removed during 24 hours, and their acidity 
determmed All subjects received 4 meals during the day, and drinks of 
nulk at regular intervals between meals The meals taken were as follows — 
12 noon — Lunch white fish, potato, carrot puree, fruit puree and custard, cup of tea 
2 p.m — Milk, 

4 pan — Ten , crustless bread and butter, tea, golden syrup 
0 pan — Supper , white fish, potato, baked custard, bread and butter 
8 pun — Milk 
10 pan — Milk. 

6 a an — Milk. 

8 a.m. — Breakfast , pomdge, boiled egg crustless bread and butter, cup of tea 
10 a an. — Milk. 

The milk feeds consisted of hot nnlk or Ovaltme Care was taken that 
nothing was eaten or drunk apart from the prescribed meals The samples 
at the time of meals were ordered to be withdrawn before the meal was 
begun, but tins was not always carried out 

No medicines were given during the tests, alkalis being withheld at 
least 24 hours beforehand The effect of preceding alkali therapy is discussed 
later Smoking was not forbidden 

The patients were allowed to get up to toilet, but were otherwise 
confined to bed The 3 normal volunteers were up and about except at 
night 

The samples were obtained from a Ryle’s tube, which was passed, 
usually through the nose, at about mid-day At some time during the 
test an X-ray film of the abdomen was taken to ensure that the tip of the 
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tube was m the body of the stomach Some tests were abandoned or excluded 
because the tube could not be manoeuvred a sufficient distance beyond the 
cardia 

Small samples (5—10 ml ) were removed every half hour during the 
day (8 am — S p m ) and every hour at night Occasionally it was 
impossible to get samples , if the}' w ere unobtainable for more than two hours 
consecutively the test was excluded The small number of tests Avluch had 
to bo loft out on tins account was not confined to any one group, but was 
distributed among both ulcer patients and normal subjects 


Selection of Cases 

The test was carried out on a series of patients with gastnc and with 
duodenal ulcer, and on a group of subjects without ulcer With the 
exception of 3 volunteers in the control group, all subjects were bemg treated 
as in-patients jSTo subject, until or without ulcer, who was suffering from 
an infection or general disorder, such as amemia, which is known or suspected 
to be associated until abnormalities of gastric secretion, was included m the 
series The test uns performed on the patients until ulcer after their 
spontaneous pain had ceased, but u snail}' before healing of the ulcer was 
complete 

Duodenal nicer There were 20 patients m this group With one 
exception they had all suffered from epigastric pam which was relieved by 
food, alkali or vomiting The remaining case vas admitted following a 
melsena and an unequivocal history of ulcer pam was not obtained In 
all but 3 cases, one or more craters were seen radiologically in the duodenal 
cap, cither on the screen or on films or both In the 3 cases where craters 
were not seen, there was a deformity of the duodenal cap , in one of these 
cases the diagnosis of duodenal ulcer was confirmed at operation 

Seven patients were subjected to partial gastrectomy , active duodenal 
ulcers wore found in 4, and chronic inflammation and fibrosis of the 
duodenum m 3 One patient not subjected to gastrectomy had had a 
perforation “ in the pyloro-duodenal region ” repaired at another hospital 

In 18 cases the stomach was reported as radiologically normal, and 
m none of the cases subjected to operation was an associated gastric lesion 
found In 2 cases small gastric craters weie reported by the radiologist in 
addition to the duodenal craters , these were not seen m either case at 
subsequent examination, and the duodenal crater was the predominant 
lesion 

Gastnc ulcei There were 23 cases m this group They had ah suffered 
from epigastric pain relieved by food, alkali or vomiting In every case 
X-ray examination revealed a gastric crater winch was seen on films, an , 
in all cases but one, on the soreen 
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Seven patients were subjected to partial gastrectomy, and a benign 
peptic ulcer was found in each case In the remaining 16 patients, exclusion 
of malignancy depended on lasting relief of symptoms by medical treatment, 
disappearance or great reduction m size of the crater, and, m 4 cases, on the 
gastroscopic appearance 

In no case was there any evidence that the duodenum was also ulcerated 
The series includes one case of pre-pylonc ulcer, and one case of pre-pylonc 
ulcer combined with a high lesser curve ulcer, the lesions m both cases being 
confirmed by operation 

Subjects imthout ulcer This group was formed of 20 subjects who had 
never had abdominal pain, vomiting, “ indigestion ”, or any other symptoms 
which might have been caused by peptic ulcer With the exception of 
3 volunteers, they were patients in the same wards as those with peptic 
ulcer, suffering from disorders which were unlikely to affect gastric secretion 
Febrile or severely ill patients were not chosen The diagnoses were as 
follows 3 normal volunteers, carcmoma of sigmoid, hypertension (2), 
volvulus of sigmoid (after recovery from operation), hysteria, neurosyphihs, 
collapsed vertebra (2), mitral stenosis and cerebral embolus, muscular injury, 
myocardial infarction, auricular flutter, varicose eczema, sulphonamide 
dermatitis, angina of effort, idiopathic epilepsy, carcmoma of lung 
(symptomless) 

Methods of determining acidity 

Acidity can be measured by titration or by electrical determination of 
pH In this investigation many of the samples contamed large amounts 
of the coloured or insoluble contaminants present m the stomach when 
ordinary food is bemg eaten, and the eleotrometnc method was chosen 
because its accuracy and convenience are not affected by such substances 

Fig 2 shows the theoretical relation between pH and hydrogen ion 
concentration at 25°C m aqueous solutions of hydrochlono acid * To 
establish that this relation apphes to gastric samples, the acidity of a number 
of such samples and of some aqueous solutions of hydrochlono acid was 
determined by both methods , the agreement between experiment and 
theory is reasonably close 

Some of the merits and limitations of each method are apparent from 
the shape of the curve m Fig 2 At high acidities, a small change m pH 
represents a large change in hydrogen ion concentration, and titration is, 
therefore, better adapted to the measurement of such acidities 

At low acidities the error involved in detecting the end point of a 
titration becomes serious , m any case, because of the presence of buffer 
substances m gastric juice, titration cannot measure acidities less than 
thousandth normal 

* Calculated from activity coefficients given by Lewis and Kandall, “ Thermodynamics 
and Free Energy of Chemical Substances,” New York, 1923 
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The criticism of pH measurements, that pH is related to hydrogen ion 
concentration by an activity co-efficient which is itself affected to an unknown 
degree by any chemical substances which may be present, can be answered 
m two ways Firstly, Fig 2 shows that any discrepancy due to such a 
cause must be very small, the gastric samples behaving m the same way as 
the aqueous solutions Secondly, even if the aotive mass of hydrogen ion, 
v Inch the electrode measures, differed greatly from hydrogen ion concentra- 
tion, it would still bo the relevant quantity for the purpose of this investigation, 
u Inch is concerned with hydrogen ions as a possible chemical agent 



Free Acidity mE/lltre 

Fig 2 Shows the relation between pH and hydrogen ion concentration The broken lino 
represents the theoretical relation calculated from the formula 

_ 1 

” bl ° active mass of hydrogen ions 

The experimental points represent the result of determining acidity both by titration and 
with the glass electrode on samples of gastric contents (dots) and aqueous solutions of 
liydroohlone acid (crosses) 

The sealed glass electrode was used for determination of pH The 
instrument was standardized m M/20 sodium hydrogen phthalate (pH 
3 97) and M/20 sodium borate (pH 9 20) A more acid standard was not 
used as a routine because it was found that sqch standards were less easily 
stored, but tests with standard hydroclilonc acid ox HCl-phthalate buffers 
showed that pH and potential were linearly related over the whole range of 
pH’s encountered 

The electrode was rinsed m distilled water between each reading , an 
adherent film of mucus might delay a steady reading but did not affect the 
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final value Observations in which readings of standard buffer were 
interpolated among gastric samples showed that the error of an individual 
determination did not exceed 0 05 pH units 

After withdrawal, the samples were kept in corked tubes at room tem- 
perature, the determinations being made together after the end of the test 
In order to find out how much the pH of samples might change while waiting, 
the determination was made on a number of samples immediately after 
withdrawal and again after 24 to 72 hours The results show that a slight 
change in pH towards the alkaline side occurs with standing, and that this 
change is smaller m the more acid specimens — 


Interval pH of samples ( arranged \n order of descending acidity ) 


Immediate 

1 

13 

1 

16 

1 

16 

1 20 

1 23 

1 

26 

1 

32 

1 

37 

1 38 

1 

60 

1 

79 

2 

02 

24 hrs 

1 

18 

1 

16 

1 

16 

1 24 

— 

1 

27 

1 

39 

1 

42 

— 

1 

76 

1 

89 

2 

14 

72 hrs 

1 

19 

1 

18 

1 

20 

1 28 

1 32 

1 

35 

1 

42 

1 

48 

1 56 

1 

91 

2 

00 

2 

28 

Immediate 

2 

11 

2 

26 

2 

92 

3 10 















24 hrs 


— 

2 

71 

3 

21 

3 39 















72 hrs 

2 

81 

2 

88 

3 

31 

OO 

CO 
















The determinations were made at room temperature, varying between 
16°C and 27°C To estimate the effect of temperature on the pH, 
determinations were made at 2I°G and at 37 °C on a number of samples, the 
potentiometer being standardized at eaoh temperature with an M/20 solution 
of sodium hydrogen phthalate of pH 3 97 The figures show that there is a 
small decrease in pH with an increase in temperature — 


Temperature pH of samples 


21°C 
37°C 
21 °C 
37°C 


1 20 

1 1C 

2 94 
2 92 


1 21 1 21 1 30 1 30 1 39 1 47 1 60 2 00 
1 19 1 19 1 21 1 28 1 34 1 42 J 42 1 94 
3 34 3 47 
3 31 3 44 


2 02 2 32 2 86 
1 99 2 32 2 86 


Sources of error from sampling 

In order to interpret the variations m acidity m successive samples of 
gastnc juices, it is necessary to know how far these changes occur in the 
stomach as a whole, and how far they may be accounted for by local variation , 
in other words, information is required about the degree of mixing of the 
stomach contents This information was obtained by removing samples 
simultaneously from two tubes, the inlet holes of which were separated by 
varying distances 

In one group of experiments a tube was placed m the body of the 
stomach and another in the pylonc antrum, and samples removed 
simultaneously during varying periods m which food was eaten, and also 
during the fasting period at night The position of the tubes was verified 
by X-rays Tests of this kind were made on 6 cases of duodenal ulcer, one 
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of gastric ulcer, and on 2 normal subjects (Fig 3 ) They show that the 
only systematic discrepancies in the acidities of these two parts of the stomach 
occur after meals, immediately following which there is a considerable 
neutralization of the proximal end of the stomach, whereas the pyloric 
antrum is affected to a lesser extent, or not at all later, the acidities 
approximate more or less rapidly During the fasting period the acidity 
of the stomach is fairly uniform Patients with gastric and duodenal ulcer, 
and normal subjects, all behave similarl 3 r m these respects 



12 noon 2pm 4pm- 


Fig 3 S G , male, ago 42, duodenal ulcer, 27 5 47 Shows tho changes m acidity in the body 
of the atomach (continuous line) and in the pylono antrum (broken line), recorded 
simultaneously over a G hour period during which two meals, marked by black rectangles, 
wero eaten In this, as m subsequent diagrams, the pH scale is inverted so that aoidity 
increases upwards along the ordinate 

Secondly, samples -were taken from two tubes, both m the body of the 
stomach, but with their holes separated by 3-4' , two patients with duodenal 
ulcer and one normal subject were tested m this tray (Fig 4 ) This 
showed that quite large variations m acidity might exist between points 
separated to tins extent, but that the systematic diffeiences after mealB 
were no longer found 

Thirdly, in two normal subjects, samples weie taken from two tubes 
lying alongside with their holes adjacent The differences were small, hut 
occasionally substantial 

To find out how great was the effect of the mixing inherent m removing 
the sample, one observation was made in. which two specimens of juice 
were removed successively tlirough the same tube, as rapidly as they could 
be obtained This showed that two such samples might differ considerably 
m acidity, especially if the acidity were low, and that the second sample 
might he more or less acid than the first The largest discrepancy between 
such samples where the acidity was greater than pH 2 was 0 22 pH units 

\ 
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Results 

The result of each 24-liour test was represented as a curve, obtained by- 
plotting the acidity of each sample against time The pH scale was inverted 
so that acidity increased upwards along the ordinate 

The general shape and features of these curves will be first described 
Subsequently they will be analysed in respect of particular features 

PH 

I 


3 


5 


I lam. I pm. 3 pm. 5 pm. 

Fig 4 A J , male, age 26, normal, 18 6 47 Shows tlio changes in acidity in the body of the 
stomach recorded from a tubo high in the body (continuous line), and from another 3 incheB 
lower (broken line), over a 6 hour penod during which two meals, represented by black 
rectangles, were eaten 

Subjects imthout ulcer (20 cases) During the day the chief factor affecting 
gastnc acidity is the two-hourly ingestion of food or milk which is followed 
by a fall The degree of neutralization recorded is dependent greatly on 
the mixing and sampling of the stomach content Subsequently the acidity 
rises, tending to reach a maximum before the next meal After the last 
milk at 10 p m the acidity again rises towards a maximum at about midnight 
Thereafter, during the hours of sleep, normal subjects display much variation 
in the behaviour of mtragastnc acidity (Dig 5), particularly aftei food is no 
longer present m the samples, an event usually occurring between 1 and 
3 a m In some subjects the acidity during this period remains nearly as 
high as earher m the night (Dig 0 ) In others it falls, usually to between 
pH 3 and 5, but m 3 cases it fell to neutrality In one subjeot without 
ulcer the acidity never rose above pH 4 5 (achlorhydria) 

Duodenal ulcer (20 cases) Two curves determined on different occasions 
in a patient representative of this group are shown m Dig 7, and all the 
curves between 8pm and 6 a m m Dig 5 In comparison with normal 
subjects it is usual to observe a less conspicuous neutralization after food 
and a higher acidity during the period of the night in which food is not 
found m the gastnc samples Curves of this type were found m all but 
3 of the eases of duodenal ulcer tested, although the maximum acidity was 
not always as high as in the examples shown 
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5 Shows the level of acidity in tho stomach at intervals of one hour, during the night 
only (from 8pm 0 a m ), in all subjects in each group 
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In two of the exceptional oases the acidity fell to neutral during the 
night, and m the third to pH 4 In tho first case tests wore done in duplicate, 
and on each occasion, when food disappeared from tho samples during tho 
night, tho acidity fell to neutral in a mannor similar to that found in most 



Fig 0 E F , mala, ago 30, normal, 20 0 48 Shows tho changes in acidity throughout 24 
hours In thin, ns in tho two subsequent diagrams, the largo black rootanglos represent 
meals and the smnll ones drinks of milk 

cases of gastric ulcer Tho diagnosis of duodenal ulcer was confirmed at 
operation on this patient, who was one of tho two women in tho duodenal 
series In tho second caso tho fall to noutral occurred at 2 a m , 2 hours 
aftor food had disappeared from tho samples, and was accompanied by the 



Fig 7 P M , male, ago 45, duodenal ulcer Shows I ho changes in acidity throughout 24 hours 
on each of two occasions (continuous line, 10 2 47 , broken line, 17 2 47) 


appearance of bile The acidity immediately roso again and the bile 
disappeared This occurrence we attributed to a large regurgitation through 
the pylorus 
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Gastric ulcer (23 cases) As will lie seen from Fig 6, the curves from 
patients with gastric ulcer are, broadly speaking, of 2 types In the more 
usual type, displayed by 10 patients (see Fig 8), gastric acidity fell to neutral 
or slightly to the alkaline side v hen food disappeared from the samples 
The acidity remained low until after the early morning milk During the 
day the maximum acidity tended to be lower than in normal subjects, than 
in those with duodenal ulcer, and those subjects with gastric ulcer displaying 
the second typo of curve Cases of this second type, found in 7 subjects, 
showed a maximum acidity comparable with the normal During the 
night the acidity uas maintained above pH 3 7, e\en vhen the samples 
contained no food , thus the distribution of curves m this period compared 
very closely with the normal During the day it was noticeable that the 



12 noon 6fxm. l2.rn.rL 6 a.m. 


Fig 8 E B , male, ngc 42, gastric ulcer Shows the chnnges in ncichfy throughout 24 hours 
on each of two occasions (continuous line, 8 4 47 broken line, 23 4 47) 

degree of neutralization following ingestion of food tended, in this group, 
to be less than normal In one of these cases only the 5am and 6am 
specimens contained no food, suggesting that the maintenance of the acidity 
throughout the night in this case might be due to delayed emptying, in 
contrast to the other 0 exceptional cases where emptying took place at the 
usual time, namely between 1 and 3am 

The common type of curve, characterised by neutralization of the 
stomach at night and a subnormal maximum acidity during the day is 
hereinafter referred to as the majority type of erne The less common 
response m which the acidity is maintained at night and in which the 
reduction m acidity following meals is Iobs than normal is called the minority 
type It is not asserted that a particular patient will always show the 
same type of curve 
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Comparison of the results 

In order to see to what extent particular characteristics are peculiar to 
gastric or duodenal ulcer, the results have been analysed for the following 
features — 

1 Maximum acidity Tho mean of the 3 most acid samples m each 
test has been used to compare the subjects with respect to maximum acidity 
Chiefly for ease of comparison with the results of other workers, the pH 
values were converted to mEq/1 by the curve shown m Pig 2, and then 
averaged When more than one test was done on a single subject, the 
figures for the separate tests were averaged 



fig 0 Shows the maximum acidity to the nearest 6 mEq/1 reached by each subject in tho 
24 hour tests (sec text for details) In this, as in the subsequent diagrams, those cases 
where the acidity fell below pH 4 in two Buccesaivo samples between midnight and Sam 
are represented by a black disc, and those m which the acidity remained above this level 
by on open circle Tho one case in which the behaviour of the acidity differed in this 
respect on different occasions is represented by a half filled circle 

The results are shown in Fig 0, each dot or circle referring to one subject 
It will be seen that the majority of patients with gastne and duodenal ulcer 
have maximum acidities withm the normal range There is a slight tendency 
for the duodenal ulcers to be distributed on the more acid side of normal, 
and for the gastne ulcers to be distnbuted on the less acid side This is 
no more than a tendency, for the mean values are for normal subjects (06 3 
mEq/1 ), for duodenal ulcer (83 1 mEq) and for gastric ulcer (53 6 mEq) 
The difference between duodenal ulcer and normal is significant, but ceases 
to be 60 if rhe patient with achlorhydria is excluded (as we think he should 
he) in calculating the mean and standard errors of the normal group (P ~ 
0 07} (see Table I) The difference between gastne ulcer and normal is not 
significant 

In Fig 9, and in the subsequent diagrams (Figs 10-13 molusive), cases 
having 2 consecutive specimens less acid than pH 4 between 12 midnight 
and 6am have been represented by a black dot, and those which remained 
more acid than this by a clear circle It will be Been that individuals who 
maintain a moderate aoidity throughout the night tend to reach a higher 
acidity at the peak periods This is particularly noticeable in the gastne 
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ulcer group, where the mean maximum acidity for tbe majority group is 
46 C mEq/1 (significantly less than normal), and for the minority eroun 
71 6 mEq/1 3 b 1 


DU 
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, Minimum Acidity &H 


Fig 10 Shows (ho minimum ociditj (to tho nearest 0 1 pH unit) reached by each subject in 
the 24 hour tests (see text for details) The cases are differentiated as before according 
to their bchnwour at night 


2 Minimum acidity The pH values for the three least acid samples 
vero averaged for each subject in tho vay just described , the mean values 
are plotted m Fig 10 The pH scale is adhered to m this instance because 
it would bo difficult to represent graphically or compare statistically the 
distributions which result from com ersion to a linear scale 


D U 
GU 
N 

4 8 12 16 20 

Duration of acidity exceeding pH 2' Hours 

Fig 11 Shows the number of hours out of tho 24 during which the acidity exceeds pH 2 (to 
the nearest 4 hour) As before, each disc or cirolc represents a single subject, distinguished 
according to their acidity at night 

The distribution of values in each group overlap considerably The 
means are pH 4 97 for the normal group, pH 3 90 for duodenal ulcer, and 
pH 6 7G for gastric ulcer Subdividing gastric ulcer we find means of pH 
0 01 for the majority group, and pH 3 80 for the minority group For tbe 
entire groups the figures for duodenal ulcer differ significantly from normal , 
those for gastric ulcer do not , the majority and minority groups of gastno 
ulcer differ significantly from normal 





GASTRIC ACIDITY AND PEPTIC ULCER 195 


3 Duration of high acidity From each curve was estimated to the 
nearest half hour the number of hours of the 24 during which the acidity 
exceeded pH 2, the results being plotted m Fig 1 1 



Duration cfnfhilhj lea than pH 5 5 hows 

Fig 12 Shows the number of hours out of the 24 during which the acidity was lcm than pH 
G 6 (to the nearest J hour) Notation as in previous figures The patient with achlorhydria 
has been excluded from the normal group 


The mean duration for duodenal ulcer, 17 0 hours, is significantly 
greater than that of the normal group (10 3 hours) The mean duration for 
gastric ulcer, 9 5 hours, is not significantly different from normal , the means 
of the majority group of gastric ulcer, 6 8 hours, and of the minority group, 
16 5 hours, are significantly less and greater than normal respectively 
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„ 4 S j°n tb< L? Se each subject Women are represented by the addition of a cross 
to the dot or circle Notation as before 


4 Duration of low acidity In a similar manner, the number of hours 

was counted during which the acidity was less than pH 6 5, the results being 
shown m Fig 12 In the duodenal group an acidity as low as this was only 
reached m 2 cases In the normal group, one case, an achlorhydnac, is 
omitted from the diagram, having a duration of 134 hours below this level 
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of acidity Only 3 other normal subjects nero belon this level for more 
than one hour, uhereas in the gastric group, those so behaving nore in a 
majority of 1C to 7 

Table I gives the levels of significance of the differences betveen tho 
mean values of these characteristics for each group In tho ease of ma\imum 
acidity, minimum acidity and duration of acidity exceeding pH 2, the standard 
errors have been calculated assuming tho values to be normally distributed 
In the case of duration of acidity less than pH 5 6, so many individuals 
have values of zero that the numbers of cases exceeding or not exceeding 
an arbitrary value have been tabulated in a 2 x 2 contingency table and 
x 2 calculated 

Duplicate observations 

Tests were made on different occasions to see uh ether the stomach 
varied m its behaviour from day to day The duplicate tests were separated 
by periods varying from 3 days to 3 ueeks Complete 24-hour tests were 
carried out m duplicate on 4 cases of duodenal ulcer and 2 cases of gastric 
ulcer In 2 additional cases of gastric ulcer, samples were taken for a 
12-hour period at night m addition to the 24-hour test Examples of 
duplicate tests are shown m Figs 7 and 8 It will be seen that the main 
features of tho curves are reproduced in each case Tho quantitative 
differences between duplicates are Bhown below under the same headings as 
those under which the summarized results n ere presented The 2 partially 
duplicated tests on cases of gastnc ulcer are included m the maximum and 
minimum acidity tables, but not in the other two 

I Maximum acidity 

The pairs of maxima (average of 3 highest as hydrogen ion concentration 
in iuEq/1 ) are as follows — 

Duodenal ulcer Cosine ulcer 


1st test 

80 

91 

113 35 

14 

35 66 

76 

2nd teBt 

93 

99 

108 53 

35 

70 48 

83 



2 

Minimum acidity 




The averages of the 3 least acid samples m 
duplicates are as follows — 

pH units for each pair of 



Duodenal ulcer 


Gastnc ulcer 


1st test 

3 00 

4 28 

3 47 0 02 

0 61 

C 89 4 70 

3 09 

2nd test 

3 92 

3 90 

3 16 6 48 

6 78 

6 53 C 44 

4 16 


3 Number of hours t n which acidity exceeds pH 2 

Duodenal ulcer Gastnc ulcer 

19 10| H 0 4 J 

17 19 14! H 5! 8 


1st test 
2nd test 
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4 Number of hours m which acidity is less than pH 5 5 

Duodenal ulcer Gastric ulcer 

1st test 0 0 0 2 5 4 

2nd test 0 0 0 2* 5 5 

In describing our results in patients with gastric ulcer, the curves were 
divided into 2 types In 4 of these patients the relevant parts of the tests, 
namely 8pm till 8 a m , were repeated Two patients of the first group 
and one of the second show ed curves of similar type on the second occasion 
The remaining case showed curves of the first type in one, and of the second 
type on the other occasion 

Effect of preceding alkali therapy 

There is evidence that a “ rebound ” secretion of gastric juice follows 
the ingestion of absorbable alkali such as sodium bicarbonate (1) The 
possibility therefore exists that any difference between subjects with and 
without ulcer is due to preceding treatment with alkali 

To investigate this samples were obtained m the usual w ay from 8 
patients with duodenal ulcer and 5 with gastric ulcer, who had been treated 
with alkah up to the day before the test, and from 8 patients with duodenal 
ulcer and 4 with gastric ulcer w’lio had not received alkali No alkah was 
of course given during the test Since the duration of acidity exceeding 
pH 2 was the quantity in w Inch patients with duodenal ulcer differed most 
conspicuously from normal this quantity was chosen for analysis of any 
possible effect of alkali For duodenal ulcer the mean duration for those 
previously treated with absorbable alkali was 18 hours, and those w r lio had 
not received alkali 17 hours For gastric ulcer the mean for those who had 
had alkali previously was 11 hours, and for those who had not had alkah 8 
hours The scatter m each group is large, and renders the differences 
insignificant 

In 2 cases tests w r ere done after periods of 10 and 13 days when no 
powder was given, and agam after 8 and 7 days during winch powder had 
been administered 4 times daily, the last dose being given 4 hours before 
the tests began The differences between the curves are m neither case 
greater than might bo ascribed to chance variation 

Age 

It is possible that any difference between the groups is entnely dependent 
on differences in the ages of the patients in eaoli group Fig 13 shows the 
age distribution of the patients m eaoh group Women are indicated by 
the addition of a cross to the dot or oircle It wall be seen that the age 
incidence of the patients with gastric ulcer is higher than those with duodenal 
ulcer, and that that of the normal series covers almost the whole range 
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It is possible that the ability to maintain the acidity of the stomach 
during the night is lost \nth advancing age, and that the frequency with 
which tins ability is lost m cases of gastnc ulcer is due to the tendency of 
this lesion to occur in older people 

In Fig 13, as before, those cases which remain acid at night are 
indicated by a circle, and those which become neutral by a black dot It 
will bo seen that there is a slight tendency for the black dots m the normal 
group to occur at the upper end of the age scale, but that in the gastnc ulcer 
group there is no such tendenej 7 There is, therefore, no evidence that the 
difference in secretory behaviour can be asenbed to age 

There is no correlation m any group between age and maximum acidity 
The correlation coefficients are 4-0 34 for duodenal ulcer, — 0 16 for gastric 
ulcer, and — 0 12 for the normal group None of these is significant 

Significance of the changes m actdtly at night 

To investigate further the mechanism by which the changes m acidity 
m the stomaoh are produced, a limited number of observations were made 
in which continuous suction tv as applied to the stomaoh throughout the 
night, the total quantity obtained during each successive half hour being 
collected separately, and the volume and pH measured These aspirations 
were personalty supervised, and repeated clearing with air injected mto the 
tube was found to be necessary It is our opinion that observations on 
continuous aspiration, in which these precautions have not been taken, 
must be viewed with grave suspicion The last meal tv as given at 6 p m 
At about 9 30 p m a Ryle’s tube was passed, and all available fluid tv as 
aspirated from the stomach A drink of 200 ml of Ovaltme was then given, 
and aspiration commenced 15 minutes later Traces of the Ovaltme were 
present m the aspirate for 14-2 hours after beginning the test, after winch 
the juice was clear, although sometimes bile-stained The aspiration was 
continued until between 7 and Sam, after which food and drink was 
allowed 

A test of this land was earned out m 2 cases of duodenal ulcer and 
5 cases of gastnc ulcer Two examples are shown m Figs 14 and 15, m 
winch the continuous line with black dots shows acidity m mEq/1 and the 
broken line volume of aspirate m ml /min for each half hour throughout 
the night Also shown for companson are the relevant portions of the 
24-lvour sampling test winch had been earned out on another occasion (line 
with clear circles) 

The rate at winch fluid was aspirated was at first high m all patients , 
the acidity was also high after the neutralizing effect of the Ovaltme was 
overcome In the example of duodenal ulcer shown (Fig 14), it will be seen 
that secretion of acid juice continued throughout the night, but that there 
was a tendencj for Loth acidity and volume to fall as time passed The 
other case of duodenal ulcer behaved similarly 
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In the case of gastric ulcer shown (Fig 15), it is clear that secretion 
ceases when food is no longer present, the acidity falling to zero, and the 
volume to low levels That the cessation occurs several hours earlier than 
the drop in acidity in the sampling curve, may be attributed to food being 
more rapidly removed by aspiration than by normal gastric emptying In 
2 other cases of gastric ulcer, m which the stomach contents became neutral 
or nearly so m the early morning, the volume of fluid that could he withdrawn 
by continuous aspiration from the stomach w as small during this period 

P H, 

2 

mE/l 

IOO 

80 

60 

40 

20 

0 2 4 6 8 
Time hours 

Fjg 14 S L i male, age 32, duodenal ulcer The two lower curves represent the result of a 
continuous aspiration experiment (11 10 47) The acidity (in ihEq/1 ) of the 4 -hourly aspirate 
is represented by the continuous line, and the volume (in ml /min ) by the broken line 
The observation was begun at 10 10 pm The upper curve (open circles) bIiowb the 
intragastno aoidity over the same period of the 24 hours as determined on another occasion 
(7 10 47) 

These observations thuB suggest that the reason why certain stomaohs, 
notably those with duodenal ulcer, remain highly acid throughout the night, 
is that the stomach contmues to secrete a highly acid juice, and that the 
reason why certain stomachs approach neutrality when food has gone, is 
because the secretion of acid has stopped That this is the explanation, 
rather than neutralization by duodenal regurgitation or secretion of buffers 
by the stomach, is suggested by two other pieces of evidence 

Firstly, bile was present during the period of neutrality in only 10 out 
of the 16 cases in which neutralization occurred, and frequently the fall in 
acidity took place .several hours before bile appeared Table II shows the 
number of bile-stained samples occurring during the night (8 pm — 8 a m ) 
m each group, the gastric ulcer series bemg divided into 2 groups according 
to the behaviour of the acidity at night It shows that absence of bile- 
stamed samples is commonest m duodenal ulcer, and that bile-staining is 
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less common m the cases of gastric nicer winch become neutral at night 
than in those that remain acid We ha\e twice observed regurgitation of 
duodenal contents sufficient to cause almost complete but transient neutral- 
ization of the stomach contents 



Time hou«. 

Fig 1C F TV , male, age 01, gastric ulcer Shows the results of a continuous aspiration 
observation (11 3 48) and of intermittent sampling (10 3 48) Notation ns m Fig 14 The 
time scale begins at 11 0 p m 

If, finally, the drop in acidity were due to buffering of acid, it should 
be possible to demonstrate an increase in titratable buffer after the drop 
has occurred In one case the buffer concentration was determined by 
measuring the quantity of H/10 HaOH required to convert the pH of 3 ml 
of the gastric juice from 2 5 to 0 0 The sample was brought to pH 2 5 by 
adding 1 0 N HC1 or NaOH as necessary The amount of titratable buffer 
tended to faff, rather than nso, w hen neutralization occurred, m contrast to 
the rise m buffer after a meal 

It is possible that the abihty to secrete acid gastric juice m the absence 
of a food stimulus is destroyed by ulceration of the gastric mucosa We 
lia\ e not investigated the behaviour of the stofnach after proved heahng 
of the ulcer, but the 7 cases of gastric ulcer in vlncli secretion of acid contmued 
all night included some with very large craters, and some in w hom symptoms 
had persisted for many years The occasional occurrence of secretory- 
behaviour of this kind in people who had never had digestive symptoms 
suggests also that it is not a sequela of ulceration 

The occurrence of a minority of cases of gastnc ulcer m which secretion 
continues tlirough the night is open to two interpretations It might be 
that patients with gastnc ulcer are divisible into two groups, one of which 
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regularly becomes neutral in tlie fasting period, the other consistently 
remaining acid , alternatively, all the cases might behave m the same way, 
each case becoming neutral on some days and remaining acid on others in 
the approximate proportion of two to one In the latter case, agreement 
of duplicate tests m this respect would be fortuitous In favour of the 
first interpretation, the two types of curve found in gastric ulcer differ not 


TABLE II 


Shows the incidence oj bile stained samples between 8 pm and 8 am 



None 

One or more 

Duodenal ulcer 

1 

I 14 

c 

Gastric ulcer mojont\ 

c 

10 

Gastnc ulcer minontj 

1 1 

[ 

0 

Normal 

! 8 

12 


only m the minimum acidity reached, but also in the maximum acidity 
achieved during the peak periods, so that the difference m behaviour is 
extended over thr / iole 24 hours In favour of the second is the single 
failure to duplies / io drop in acidity, which suggests that both types of 
behaviour can / onally occur in a single stomach We have not a 
sufficient series L-i — ihcates to decide with certainty between the alternative 
hypotheses O 

Discussion 

Two metliol ngiavo been used previously to investigate gastnc acidity 
The test meal gives mfoimation concerning the changes that occur after a 
fixed period (usually one hour) or over a period of up to 3 hours (fractional 
test meal) aftei investing a standard meal The meals chosen are m general 
by no means representative of what is normally eaten, and the time period 


is short Palmer (12( 
with low acidity to th 
their stomaohs at cer 


has shown, and w e have confirmed, that patients 
i fractional test meal may yet have abundant acid m 
am period s w lien eating ordinary food It is clear 
that information dernlqd from studies of this kind are of limited value in 
assessing the place of ilciKan the genesis of ulcer Nevertheless, the method 
has yielded results tliht agree with ours m suggesting that most patients 
with duodenal ulcer respond to a given stimulus with an increased secretion 
of acid, while most patients, with gastric ulcer do not 

Ryle and Bennett (14^) investigated 100 normal medical students by 
the fractional test meal tecSinique, using a pint of gruel as a food stimulus, 
and found that the maximjum acidity lay between 10 and 45 mEq per 1 in 
80% Hunter (6) found tjhat m all of 8 cases of duodenal ulcer similarly 
investigated maximum gasitnc aoidity exceeded 45 mEq/1 , and had a mean 
of 68 mEq/1 Vanzant and others (17, 18), withdrawing the stomach contents 
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one hour after ingesting 8 arrowroot cookies and 400 nil water, found that 
the mean acidity m 1405 males aged 20 to 40 with duodenal ulcer was 00 
mEq/1 m contrast to 45-50 mEq/1 in male subjects of similar ago m whom 
no ulcer had been found 

It will bo noted that the figures for maximum acidity obtained hero nro 
consistently higher than those obtained after test meals, probably because 
of the use of a less artificial and more potent food stimulus , but that the 
increase m the mean value for maximum acidity m duodenal ulcci (17 
mEq/1 ) is of the same order 

The second method that has been used is that of nocturnal aspiration 
Winhelstcin (21) gave a standard meal at 4 30 j) m and aspirated the stomach 
(presumably as completely as possible) at intervals of 2 hours throughout 
the night, starting at 7 p m By this means he compared 02 patients with 
duodenal ulcer and 23 patients with gastric ulcer, with 20 normal subjects 
It was not stated by what criteria the selections were made, nor ib there 
information about the ages of the patients except that thoy were adult 
males The results are represented by a curve joining the mean acidities 
for each interval during the night the maximum lex el reached by this 
cun e was 00 mEq/1 for the patients with duodenal ulcer, 55 mEq/I for those 
with gastric ulcer, and 15 mEq/1 for the normal group Free acid was 
stated to be absent in 0 normals, but m none of the ulcer patients The 
acidity fell slightly later m the night m the gastric ulcer cases, hardly at all 
in duodenal ulcer Voegthn (10) removed small samples of gastric juice 
at intcnals of 2 hours during the night, no food being eaten on tho previous 
day He compared 53 proved cases of duodennl ulcer with 15 normal 
subjects of unstated age who were in hospital for mv cstigation of seasickness 
He found no significant difference between ulcer patients and normal in tho 
lev els of acidity reached, the maximum level being about 50 mEq/1 Sandw eiss 
and others (15) gave a standard meal of ordinary food at 0 p m and aspirated 
the stomach completely at midnight Thereafter they obtained juice by 
complete hourly aspiration or by continuous aspiration By this means 
tliej were unable to detect any difference in the volume or acidity of juice 
obtained from 38 college students and internes and from 20 patients with 
duodenal ulcer Levin and others (0) gave a liquid meal composed almost 
entirely of carbohydrate at 5 30 p m , at S p m the stomach was aspirated 
completely , and then continuous aspiration applied for the following 12 hours 
Although the fluid obtained during each hour was collected separately, only 
the total volume and acidity of the whole night’s aspirate are given By r 
this technique 32 patients with duodenal ulcer, 8 patients with gastric ulcer, 
and 33 subjects of comparable age known not to have any gastrointestinal 
complaints were investigated The mean acidities were G1 mEq/1 for the 
duodenal group, 12 mEq/1 for the gastne ulcers, and 20 mEq/1 for the 
normals, the mean total volumes being 1004 ml , G23 ml and 581 ml , 
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respectively It is not evident from their results whether, in the cases of 
gastric ulcer, acid was recovered from the stomach throughout the night or 
whether it behaved as in our subjects 

It will be seen that most of these observations are similar to those 
reported at the beginning of this paper Perhaps some confidence may be 
felt that most observers agree that more hquid and more acid can be 
recovered during the night from the stomachs of patients with duodenal 
ulcer than from those of normal subjects Nevertheless, the objection that 
led us to abandon our own observations remains, that it is uncertain whether 
this means that a smaller proportion of fluid was lost through the pylorus in 
patients with duodenal ulcer , it is, of course, true that if this were the 
explanation it might have some as yet undetermined connection with the 
aetiology of duodenal ulcer 

Another method of investigating the acidity of the resting stomaoh is 
that of Bloomfield and his colleagues (2, 13), m which the gastnc contents 
are aspirated 12 hours after the last meal and then continuously till the 
successive 10-minute volumes are approximately constant , this rate is 
termed the basal secretion By this means were investigated an unstated 
number of patients suffering from various diseases but without digestive 
symptoms, in a few of whom a small volume of fluid with no free acidity 
was obtained Such a finding Polland and Bloomfield (13) called basal 
anacidity, and described it as “ quite uncommon ” m normal people Basal 
anacidity was found in 3 out of 9 cases of gastric ulcer tested In one case 
the gastric juice contained “ no free acid, but large amounts of clear glairy 
mucus with the appearance and consistency of egg-white,” which uas 
precisely the appearance of the night samples in many of our cases of gastric 
ulcer Although the pH of these samples was not recorded, it was almost 
certainly near to neutrality It is not possible to calculate whether the 
mcidenoe of “ basal anacidity,” as detected by this technique, is greater m 
gastnc ulcer than m normal people, since its numerical incidence in the 
latter group is not given by Polland and Bloomfield (13) If anacidity 
under the conditions of the “ basal secretion test ” is equivalent to the fall 
to neutrality winch we have found during the night, then cessation of acid 
secretion was found less often m Bloomfield and French’s (2) senes of gastric 
ulcers than m ours, but the difference is barely significant (P = 0 07) It 
may be that the difference is due to the different techniques used, but it is 
also possible that a repetition of our work m North Amenca, where gastric 
ulcer is less common than m London, would give different results Bloomfield 
and French (2) recorded the range of basal acidity as 0 to 96 mEq/1 m gastric 
ulcer and 24 to 140 mEq m duodenal ulcer They regarded these differences 
as suggesting that gastnc and duodenal ulcer were predominantly different 
disorders 
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The observations described in this paper give n more complete account 
of the variations in intragastnc acidity during the course of a whole day 
than has jet been obtained m comparable scries of subjects until gnstnc 
and duodenal ulcers, and without ulcers "We may now proceed to discuss 
their bearing on the hypothesis that peptic ulcer is duo to the action of a 
gastric juice that is abnormally acid in reaction 

Tins hypothesis has arisen because it seems that peptic ulcer is duo 
to the action of a factor or factors that tend to persist over many 3 cars, 
sometimes over the adult part of a lifetime, m a gnen individual Tins 
factor is not simply a local abnormality of an isolated patch of mucosa, for 
gnstnc ulcers, when excised, recur, duodenal ulcers are multiple m 37 % of 
cases, and when either is treated by operation involving anastomosis of 
stomach and jejunum, ulceration of the jejunum may develop The 
recurrence of ulcer seems to depend on the presence of HC 1 in tho gastric 
juice, for with anacidity ulcers never occur 

Even if there is an agent in the gastric juice winch is concerned in the 
pathogenesis of ulcer, it is unlikely that this is the only operative factor 
For there is usually only one ulcer in the stomach, and in duodenal ulcer the 
stomach is rarely ulcerated, and it must be inferred that most of the mucous 
membrane exposed to the gastric juice is resistant to it There must pre- 
sumably bo a local factor, though this may, as m the possible case of physical 
trauma, be quite transient m its action Both tho natural history nnd the 
histological appearances of peptic ulcer suggest that the ulcer is affected by 
the two opposed processes of tissue destruction and tissue repair, sometimes 
the one, sometimes tho other being m the ascendancy It seems quite 
hhclv, therefore, that if there is an agent m the gastric juice, it may bo 0110 
to which the intact epithelium is relatively' resistant, hut to which cells of a 
different character are more susceptible In so far as acidity is concerned 
in tins process, the hydrogen 10ns themselves might act as an injurious 
agent, ns they' can do, or they might facilitate the action of another agent 
such as pepsin In cither case it would seem likely that the degree of acidity 
nnd the time period o\er winch it acted would be the operative factors 

From the results presented m this paper it seems quite clear that an 
abnormally high degree of intragastnc acidity is not the cause of gastnc 
ulcer, at least m the av erage case dunng the chronic phase For, m so far 
ns the behaviour of these patients differs from the normal, it is m the opposite 
direction Tho patient with chronic gastric ulcer tends to achieve lower 
■values at the peak penods of intragastnc acidity, and to maintain the 
stomach contents at a reaction approaching neutrality for longer penods 
than does the subject without ulcer This conclusion holds even if we 
consider gastnc ulcer as a homogeneous group As we have 6een, the cases 
tend to he rather sharply divided into two groups These conclusions 
apply even more strongly to the majority group, in which intragastnc 
acidity is around neutral after food has left the stomach In the minority 
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group, on the other hand, neutralization following meals tends to be lesB 
complete than normal, and acidity above pH 2 to be mamtamed for a 
longer time, but it is doubtful whether significant conclusions can be drawn 
from comparing a selected group with high acidities with an unseleeted 
group of normal subjects 

It is, of course, conceivable that, at the very beginning, a gastric ulcer 
may be caused m part by an abnormally intense degree of gastric acidity, 
and that the continued presence of this ulcer leads to a secondary reduction 
m acidity This hypothesis could best be tested by investigating in the 
manner described in this paper, a senes of cases of gastnc ulcer over a penod 
of years from the earhest acute phase to the fully developed chronic ulcer 
A less satisfactory method, but the only one available to us at the present 
time, is to compare the findings in patients with a histoiy of less than a 
year’s duration with others with histones extending over 10 years or longer 
In Fig 1G the maximum acidity of cases of gastric ulcer, whose symptoms 
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Pig 16 Shows the maximum acidity (average of 3 most acid samples) m 6 caseB of gnBtrio 
ulcer with symptoms for more than 10 years, and 5 cases of gastric ulcer who bad b ltd 
ByrUptoms for less than a year The cases are differentiated, as before, according to the 
behaviour of the acidity at night (sec legend to Pig 9) 


had lasted for not more than a year, is compared with those who had had 
symptoms for 10 years or more Within the limits imposed by the small 
number of cases, no significant difference is demonstrated The duration 
of symptoms has been similar m the two groups of patients with gastnc 
ulcer presenting the different types of curves 

Finally, it is conceivable that the relapses and remissions of gastnc 
ulcer are associated with a waxmg and waning of intragastnc acidity Tins 
point is so important that it requires far more careful investigation than 
we have been able to give m this paper And while we have seen no evidence 
to support tins idea, we have by no means sufficient to refute it 

One of the most striking features of the gastric ulcer group has been the 
tendency, particularly in those forming the majority group, for the gastric 
contents to approach neutrahty in the early morning This phenomenon 
has not been previously observed, and indeed could not have been observed 
with the traditional method of titrating to two indicators turning at pH 3 
and 9 It could only be detected by the electrometric method Whether 
this peculiarity has anything to do with the pathogenesis of ulcer we have, 
at the present moment, no means of telling 
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In duodenal ulcer, on the other hand, we have observed that peak values 
of acidity tend to be higher (though the difference is not statistically 
significant), and high degrees of acidity tend to be maintained over longer 
periods of time than m normal subjects Conversely, minimum aoidities 
are not so low and periods of low acidity are not so prolonged as m normal 
subjects Here, then, the hypothesis that an unusually acid gastric juice 
is an important factor m the pathogenesis of the ulcer is one that merits 
close consideration The whole picture of the intragastnc acidity m duodenal 
ulcer would seem to be that resulting from a high rate of secretion of acid 
gastno juice, and we have adduced evidence that this occurs, at least at 
night The long duration of acidity over pH 2 and the higher minimum 
acidity are largely the reflection of the shorter and slighter neutralization of 
the gastno content by ingested food 

The obvious weakness of this hypothesis is the considerable overlap in 
the findings in duodenal ulcer and in normal subjects It is not infrequent 
to encounter a subject who has never had (or who never remembers having 
had) ulcer symptoms, and who yet shows a higher degree of acidity than a 
subject with a long ulcer history A little consideration shows, however, 
that suoh is to be expected oven if the hypothesis were correct In the 
first place, as we have seen, there is reason to believe that a local factor 
may be concerned in the pathogenesiB of ulcer It may be, therefore, that 
those people with highly acid gastno contents are susceptible to the develop- 
ment of duodenal ulcer, given the right circumstances, of which local injury 
to the duodenal mucosa may be one Again, given this high degree of 
acidity, it is not unlikely that mucous membranes will differ from subject 
to subjeot in their resistance to it Further, it has been seen that when 
the curves of gastric acidity are repeated under apparently similar environ- 
mental conditions, and until the ulcer in an apparently comparable state, 
some variation has been found Finally, it is to be noted that our 
observations have been made w hen the patients u ere m bed m hospital and 
on a diet, conditions under which duodenal ulcers usually heal Duodenal 
ulcers usually develop or reour where the patient is subjected to the stresses 
and strains of responsible work m a civilised society It is not inconceivable 
that the abnormalities we have observed in the behaviour of intragastnc 
acidity in patients with duodenal ulcer under hospital conditions would 
be enhanced under the more arduous circumstances of life outside At the 
present time we do not see our way clear to putting the idea to the more 
rigid test of comparing intragastnc acidities in patients with and without 
duodenal ulcer under the various circumstances of ordinary life Wolf and 
Wolff (22) showed that m a subjeot without ulcer emotional stress and mental 
conflict led to a secretion of highly acid gastric juice , but there is no evidence 
that patients with ulcer differ from normal m this respect 
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The second weakness of tlie hypothesis is the possibility that the 
changes observed m mtragastnc acidity in duodenal ulcer represent the 
effect of the ulcer rather than its cause We cannot, by actual observation, 
refute this possibility, but we do not think it likely because we have not 
discovered any relationship between the intensity of the changes and the 
duration of symptoms Consider, for example, the case of a male, aged 49, 
who had been admitted for hypertension, but who, 3 years previously, had 
suffered from attacks of epigastric pain reheved by alkali, for which he had 
been treated m another hospital, where a deformity of the duodenal cap 
had been found by Dr E Rohan Wilhams He had had no symptoms and 
no treatment for two and a half years before his test was done, and yet his 
curve is typical of the duodenal group, remaining above pH 2 for 22 hours 
This patient has been included in the duodenal ulcer seneB 

It should be emphasised that the observations described in this paper 
m themselves provide no proof that acid is or is not a factor m the patho- 
genesis of ulcer They have demonstrated that patients with duodenal ulcer 
do piesent rather high levels of gastnc acidity for periods of the 24 hours 
that are significantly longer than normal when the subject is on a full and 
standard diet under hospital conditions They are tliuB consistent with 
the acid hypothesis, and, taken m conjunction with the evidence drawn 
from animal experiment, and mentioned at the beginning of this paper, make 
the position of the hypothesis extremely strong as regards duodenal ulcer 
But in gastric ulcer our observations have led to precisely opposite conclusions, 
which make it quite improbable that an abnormal degree of acidity acting 
over an abnormally long period of time is the chief agent in the causation 
of the lesion As we have seen, some reservations have still to be made 
before this conclusion can be accepted as final But the evidence is so 
strong that it is worth while considering briefly the cluef implications 

The first implication is that gastnc and duodenal ulcer are essentially 
distinct disorders, since it seems probable that the chief agent m their 
pathogenesis is different Others studying gastric acidity have made this 
suggestion before (2) The idea receives independent support from considera- 
tions of the changing incidence of gastnc and duodenal ulcer over the last 
half century (Jennings (8), Tidy (16), Moms and Titmuss (11), Craig (3)), 
and from post-mortem evidonce Thus, m a study of 4,000 consecutive 
post-mortems at Leeds, Stewart (7) found ulcers or the scars of healed ulcers 
m the stomach m 170 and in the duodenum in 230 oases Of these, only 21 
cases had an ulcer or scar in both stomach and duodenum, although this ib 
double the number expected if the association were fortuitous Twenty-two 
cases had more than one gastnc lesion, as contrasted with 104 with more 
than one duodenal lesion It seems to be relatively infrequent for a gastric 
ulcer to be complicated by another ulcer either in stomach or duodenum, 
but it is much more frequent for a duodenal ulcer to be oomphcated by 
another in the same division of the gut 
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These several considerations taken together lend strong support to the 
idea that m the majority of cases gastric ulcer is a disease with a pathogenesis 
distinct from duodenal ulcer We say m the majority of cases, because it 
is by no means impossible that an abnormally high mtragastnc aoidity may 
occasionally produce a gastric ulcer, though a duodenal ulcer would seem to 
be the more usual result 

The seoond implication is that we have to look for something other than 
mtragastnc acidity as the essential agent m the pathogenesis of gastno 
ulcer We have no new evidence to offer concerning this factor or factors 
But those who are looking for it are urged to avoid what is probably a fallacy, 
namely that peptic ulcer can be conceived as a strictly homogeneous unit 
from the pomt of view of pathogenesis 

Summary 

1 Preliminary observations on contmuous aspiration of gastric 
contents during the night showed a tendency for most subjects with duodenal 
ulcer to yield more, and most subjects with gastric ulcer to yield less hydro- 
chloric acid per hour than normal subjects The fraction of the gastno 
content aspirated was, however, unknown 

2 To deternnne the range of mtragastnc acidity throughout 24 hours, 
samples were taken at half-hourly intervals by day and hourly intervals by 
night from an indwelling Ryle’s tube whose tip was venfied as lying in the 
bodj r of the stomach The subjects were in hospital and on a full and 
standard diet without alkali pH was measured electrometncally 

3 The sources of error of the method have been examined Of these 
the most important is the sampling error, due to inadequate gastnc mixing, 
particularly soon after food 

4 Tests were made on 23 patients with gastnc ulcer, 20 patients with 
duodenal ulcer, and 20 subjects without ulcer 

5 In duodenal ulcer mtragastnc acidity differed from the normal m 
the following particulars — 

(а) The mean value for the maximum acidity (83 1 mEq per 1 ) 
was greater than normal (66 3 mEq per 1 ) The difference was not 
statistically significant 

(б) The mean minimum acidity reached in the 24 hours was more 
acid than normal The difference was statistically significant 

(c) The duration of high acidities (greater than pH 2) w as increased 
The difference was statistically significant 

( d ) The acid rarely fell below pH 6 5m either duodenal ulcer or 
normal, and no significant difference between the two w as observed 

(e) The curves of mtragastnc acidity showed m general a higher 
level of acidity, a less conspicuous neutralization after food, and the 
mamtenance of higher acidities at night after food had disappeared 
from the stomach 
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6 In gastric ulcer mtragastric acidity differed from the normal in the 
following particulars — 

(a) The mean value for the maximum acidity (63 6 mEq per 1 ) 
was less than normal (06 3 mEq per 1 ) The difference was not 
statistically significant 

(b) The duration of high acidities (greater than pH 2) was normal 

(c) The duration of low acidities (less than pH 6 6) was increased 
The difference was statistically significant 

(d) The most striking deviation from normal m the curves of mtra- 
gastnc acidity was the fall to, or near, neutrality dui mg that part of 
the night when food had left the stomach, m 16 of 23 patients In the 
remaining 7 tins fall was not observed Information is insufficient to 
determine whether this diffeience reflects a basic and consistent difference 
in secretory behaviour 

7 Duplicate observations on individual patients have, on the whole, 
agreed well The differences observed between the groups u ere not duo to 
preceding alkali administration or the effects of age 

8 Evidenco is juesented that in gastric ulcer neutralisation of gastnc 
contents after food has loft the stomach at night is due to cessation of acid 
secretion 

9 The evidence here produced is quite consistent with the hypothesis 
that duodenal ulcer is caused by the action of abnormal degrees of acidity 
over abnormally long periods of time 

10 The evidence is inconsistent with the hypothesis that gastric ulcer 
is due to the action of abnormal degrees of acidity acting over abnormally 
long periods 

11 This and other evidence suggests that gastric and duodenal ulcer 
are diseases of different pathogenesis 
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AN IMPROVED CALORIMETER FOR THE HAND 


By A D M GREENFIELD and HAROLD SCARBOROUGH * 

( From the Department of Physiology, and the Medical Unit, St Mary's 
Hospital Medical School, London, IF 2 ) 

During experiments in winch a Stewart calorimeter (1) was employed for 
measuring the heat elimination from the hand, it became evident that the 
physical properties of this calorimeter are such that it is impossible to apply 
an accurate cooling correction The Stewart calorimeter employed consisted 
of a cylindrical copper vessel containing 3 litres of water embedded in a 
large earthenware pot 1 4 cm thick, from winch it was separated by a layer 
of granulated cork 3 5 cm thick at the sides, and 5 cm thick at the bottom 

Such a calorimeter is thus lagged with material of considerable thermal 
capacity, m which comphcated temperature gradients may be set up The 
coohng rate at any particular moment depends not only on the temperature 
difference between the contents of the calorimeter and the surrounding air, 
but also on the recent history of temperature change m the calorimeter 
The most recent temperature changes, of course, leave the biggest impnnt 
on the temperature gradients in the cork, but remote temperature changes 
are not without effect That the rate of coohng is in fact determined by 
previous temperature change was shown by an experiment, the results of 
which are shown in Fig 1 The calorimeter was filled with water at 
29 372°C and the temperature observed every minute At the end of 13 
minutes, some of the water in the calorimeter was replaced by warmer water, 
bringing the calorimeter temperature to 33 180°C Observations of the 
coohng rate were continued Further replacements with cooler and warmer 
water were made subsequently After each replacement there was a 
progressive change m cooling rate, which took many minutes to attam a 
steady value dependent on the temperature difference between the calori- 
meter contents and surroundings The experiment imposed greater and 
more rapid temperature fluctuations than are ever mot with during 
physiological observations, but the defects revealed are still present, 
though in less degree, under ordinary conditions of use 

The coohng correction is not only impossible to compute accurately, 
but it is also large The final steady value for the coohng corrections m 
the experiment quoted would he equivalent to a heat elimination of the 
order of 15 cals per min ute per 100 mis of immersed hand This is 
considerably greater than the heat elimination from a vasoconstnoted hand, 
and about one-sixth of the heat elimination from a vasodilated hand. 


* Beit Memorial Fellow, 
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It was therefore desirable to have a calorimeter that — 

(1) required a very small correction for coolmg, and 

(2) had walls of negligible thermal capacity 

The calorimeter designed to possess these properties was constructed 
from a one gallon bucket type “ Thermos ” flask (Pig 2) The normal lid 
was replaced by a square of thick plywood with an underlying layer of 


29-372 33 180 29-560 33 855 

a a a a 



Abscissa — -time in minutes 

At the times indicated by the blooks, part of the water m tho calorimeter was replaced by 
water at a different temperature The figures adjacent to the blooks show the first 
thormometer reading after such n ohange Boom temporature, -1 C 
Fig 2 A sectional diagram of the vacuum calorimeter Tho thermometer and its supporting 
rod do not appear m this seotion 

G mm sorbo rubber Tlie hd is held down by the clips forming part of the 
metal container, and guided into position by four rubber-covered prongs 
which engage with the outside of the nm of the vacuum flask (Pig 3) 
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The hand passes through a hole 8 cm m diameter cut m the plywood, 
and through an oval aperture loosely fitting the wrist cut m the sorho rubber 
When m use during an experiment cotton wool is loosely wrapped round the 
wrist to occupy the space between it and the plywood 



cm. 

Fig 3 Plan of tho lid of tho vaauum calorimeter The jar is exaotly ns reoeived from the 
makers, all the attachments boing made to the hd 

The 3 6 litres of water filling the calorimeter is stirred by a flat paddle 
driven by a small electric motor which is mounted on a rubber seatuig 
attached to the top of the plywood The paddle rotates m a copper tube 
3 2 cm m diameter , water drawn into the tube from the lower part of the 
calorimeter is discharged by centrifugal force through a number of holes 
drilled in the tube below water level That such an arrangement achieves 
efficient mixing is demonstrated by the rapidity of equilibration after the 
sudden addition of hot or cold water (Fig 1) 

Energy is fed into the calorimeter at a constant rate by the stirrer 
owever, under normal conditions of use, this is not quite sufficient to balance 
1 10 loss of heat by cooling A coil of resistance wire, insulated by woven 
g ass impregnated with shellac, is therefore wound round the lower end of the 
copper tube and connected through a small external variable resistance 
with a 6 volt accumulator supplying the stirnng motor The value of the 
external resistance is adjusted by tnal so that the calorimeter temperature 
oes not vary by more than 0 01°C over successive ten minute periods when 
the contained water is 10°C above room temperature After each experiment 
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the rate of heating or coohng of the calorimeter is observed over a ten minute 
period, the hole for the hand being closed uith a sorbo rubber disc The 
correction needed is seldom more than a few milhdegrees per minute 

The temperature of the calorimeter water is measured with a thermometer 
graduated m hundredths of a degree centigrade This passes through a 
hole in the plywood and rubber, and is held at the top by a clamp attached 
to a vertical steel rod bolted to the plywood The steel rod carries a 
travelling lens, focussed on the thermometer stem, with o block of thick 
perspex, ruled with a horizontal line on each side, interposed The reading 
of the thermometer is made by bringing the top of the mercury and the two 
rulings into alignment, and then observing the scale reading A small 
electric bulb, travelling with the lens provides adequate illumination 

The water equivalent of each calorimeter must be individually deter- 
mined It is about 230 ml of water, and so is equivalent to about 6% of 
the contents 

The measurement of the volume of hand immersed is probably the 
mam source of inaccuracy m using the calorimeter, and considerable efforts 
have been made to reduce it The following method is satisfactory When 
the calorimeter has been filled and the lid placed in position, but before the 
hand or thermometer is inserted, a teated glass pipette, with a stem 
graduated in mms from the tip is inserted through the thermometer hole, 
and a “ sounding ” made of the distance of the v ater level below the top of 
the plywood board This is done by advancing the teated pipette, gently 
pinching and releasing the teat and noting when an unbroken column of 
water first enters The hand is placed m the calorimeter, and the subject 
made comfortable A second soundmg is made and an ink mark made on 
the ulnar border of the wrist at the level of the upper surface of the plywood 
board This is watched by the observer during the experiment, and shght 
adjustments of the position of the hand are made to keep the mark in position 
A final sounding is made at the conclusion of the experiment The difference 
m water depth before and after immersion of the hand can bo converted into 
volume of hand immersed by comparing with the alterations in depth resultmg 
from adding measured volumes of water to the calorimeter With a little 
experience, tins method can be used to measure an added volume of water, 
and therefore an added volume of hand, with an error of not more than 
10 ml (about 3%) 

The results of an experiment, similar to that described for testing the 
Stewart calorimeter, are shown m Tig 1 It is evident that the whole 
system attains equilibrium within a much shorter time than the Stewart 
calorimeter This provides, of course, an overall test of thermal hysteresis 
m the calorimeter walls, of efficiency of the stirring, and of the abihty of 
the thermometer to record temperature differences The magnitude of the 
allowance to be made for coohng of the calorimeter is very small, so that 
uncertainties about its exact value are correspondingly unimportant 
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Summary 

1 An improved hand calorimeter is described, based on a vacuum 

flask 

2 Mechanical mixmg ensures a constant energy feed mto the calori- 
meter, and enables a single observer to measure heat ebmmation from both 
bands 

3 Since beat is fed to the calorimeter at a rate approximately equal 
to that lost and the thermal insulation is extremely efficient, the cooling 
correction is very small It is almost independent of the recent thermal 
history of the calorimeter, and can be determined with reasonable accuracy 
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A COMPARISON OP METHODS FOR GAUGING THE BLOOD 
FLOW THROUGH THE HAND 

By K E COOPER, K W CROSS, ADM GREENFIELD, 

D McK HAMILTON and HAROLD SCARBOROUGH * 

( From The Physiology Department and The Medical Unit , St Mary's 
Hospital Medical School, London, W 2 ) 

Introduction 

In certain experiments, m the course of which peripheral hlood flow had 
been assessed in various ways, it became desirable to compare the results 
of a number of methods of gauging the blood flow through the hand over a 
wide range of rates of flow The comparison was considered in two sets of 
circumstances , firstly, over periods of ten to twenty minutes when the 
peripheral circulation was maintained in as stable a condition as possible, 
although at widely different levels of volume flow, and secondly during short 
periods when rapid alterations in flow were occurring 

Various methods of assessing blood flow were considered, such for 
example as the combined plethysmograph and calorimeter (7) This enables 
the inflow of blood to be measured plethysmographically, or the dissipation 
of heat to the surroundings to he measured in a hand, the surface temperature 
of which is recorded but not controlled It was thought, however, that in 
the first instance it would he more generally useful to employ well established 
methods and apparatus simultaneously m the two hands of subjects who 
had been demonstrated to have a symmetrical or nearly symmetrical 
circulation through the two hands when the hands were under identical 
conditions Accordingly, the venous occlusion plethysmograph (4), hand 
calorimeter (16), and surface thermo-electric junction were employed 

All three methods are open to criticism With the plethysmograph 
it is uncertain that all veins draining blood from the hand are occluded 
so that the collection of blood m the parts distal to the cuff may be incomplete 
Secondly, venous occlusion may itself alter flow Errors due to theso causes 
cannot he great because similar values for volume flow are obtained over a 

* Beit Memorial Fellow We wish to thank Prof A St G Huggett and Prof G W Pickenng 
for generously providing facilities m their laboratories, for the loan of apparatus and for advice 
We are grateful to Prof A V Hill for advice and for the loan of a galvanometer We have had 
a great deal of \ aluable assistance from Drs A* P Fletcher, D Frazer and J Hardwicke and 
Mr J G W Smith who also acted as subjects 
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wide range of collecting pressures and because, at low rates of flow, the 
volume increase is frequently linear over a considerable period Tlurdly, 
it is often difficult, particularly at high rates of flow, to determine the initial 
slope of the volume curve following application of the collecting pressure 
In the case of the calorimeter, uncertainties about the temperature of the 
arterial blood entermg the hand (3, 7) and of the venous blood leaving it (11) 
make it impossible to convert figures for heat elimination into rates of flow 
(15) Further objections to the calorimetric method inherent in the proper- 
ties of the calorimeter are mentioned m more detail later Finally, with 
regard to the surface thermocouple, it has never been supposed that a linear 
relationship exists between blood flow and surface temperature, which, m 
any case, depends upon many factors besides the blood flow tlirough the 
part 

In our experiments it was fully realised that the amount of blood 
flowing through the two hands might differ owing to the difference in posture 
and local temperature imposed by the methods employed Although all 
the indications are that such changes are small the possibility of their 
occurrence must be borne m mmd in assessing the results presented m tins 
paper 

Methods 

Measurements were made on eight healthy males beta een the ages of 
19 and 38 Each subject, wearing only short pants, sat on a well-upholstered 
seat inclined at an angle of 10 degrees to the horizontal, with a back 
extending above the head inclined at an angle of 75 degrees to the horizontal 
This was found to be a comfortable position even when maintained over 
periods of hours , it also facilitated the placing of the hands in the calorimeter 
and pletliy sinograph The subject was in position for 30 nun before the 
observations were commenced 

Experiments were performed from May to September The room 
temperature on different days varied between 20 °C and 24 °C Great care 
was taken to maintain quiet and avoid draughts 

As the aim of the experiments was to make simultaneous comparisons 
of different methods, no observations of pulse rates or arterial blood-preSsures 
were made and body temperature was not recorded 

Plethysmograph tecJimque After prehmmary experiments, the results 
of which are not reported here, a plethysmograph of the type described by 
Barcroft and Edholm (2) was used, 'with arrangements for continuously 
stirring the contained water The plethysmograph was placed on an inclined 
plane The water level m the vertical tube of the plethysmograph was 
slightly above a horizontal hne through the sternal angle, m which position 
the vems of the hand were probably collapsed when the collecting cuff was 
nbt inflated In this position a greater volume of blood can be accommo- 
dated m the hand before the rate of inflow falls off, thus considerably 
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increasing the accuracy with which measurements can be made This 
position precluded immersion of the arm and plethysmograph m a water- 
bath, so a special tank was built around the body of the 'plethysmograph 
It was found possible by adding ice, or water at varying temperatures, to 
this tank to maintain the water within the plethysmograph at any desired 
steady temperature between 6°C and 45°C with variations of not more than 

0 6°C The temperature could also be altered over this entire range within 
a few minutes 

The hand was inserted into the plethysmograph as far as the radial 
styloid process The collecting cuff, 4 5 cm wide and encircling the lower 
forearm, was apphed as close to the plethysmograph as possible without 
causing an artefact on the volume curve when pressure was admitted to the 
cuff In most experiments the lower edge of the cuff was about 4 cm above 
the radial styloid process Unless otherwise stated the collecting pressure 
was 70 mm of mercury When two plethysmographs were used simul- 
taneously the collecting cuffs were supphed from a common air reservoir, 
all pipe connections to the two sides were of identical length and bore and the 
volume recorders were carefully matched (and on some occasions were 
interchanged during the course of an experiment) The volume of the hand 
within the plethysmograph was determined at the end of the experiment by 
water displacement and the blood flow was calculated in terms of ml per 
100 ml hand per mm Observations were made at the end of every minute 
and sometimes more frequently 

Calorimetric technique The aim and hand on the side of the body used 
for calorimetry hung almost vertically from the shoulder The two Stewart 
calorimeters (16) used in most of the experiments were as nearly identical 
in dimensions and construction as possible Each consisted of a copper can 
of water equivalent 200 ml holding 3 litres of water and manually stirred by 
raising and lowering a horseshoe-shaped stirrer through the depth of water 
about 24 times per minute The can was surrounded by a 3 cm layer of 
cork chips enclosed m a large earthenware pot The top was covered with 

1 cm thick sorbo-rubber m which a hole was cut for insertion of the hand 
The temperature of the water was measured with a meroury thermometer, 
graduated in hundredths of a degree centigrade Before an experiment 
the hand and arm were held for 16 mm in a water bath about 30°C and before 
the end of that time 3 litres of water from the bath were poured into the 
calorimeter The hand was inserted and stirring was commenced without 
delay No observations were made for the first 6 minutes, by which time ihe 
calorimeter and its contents had generally reaohed equilibrium and the 
temperature was changing at a constant rate Thereafter the temperature 
was observed at intervals of exactly one min ute 

At the end of an experiment the cooling rate of the calorimeter was 
determined by removing the hand and closmg the hole of its entry with a 
sorbo-rubber disc Stirring was continued without interruption and the 
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temperature was recorded at one minute intervals for a period of ten minutes 
It would appear on theoretical grounds that the rate of coohng should be 
observed with the water m the calorimeter at several points on the tempera- 
ture range used in the preceding experiment Alternatively, if the coohng 
rate is observed with the water at one temperature only, the coohng rate at 
other temperatures should be computed on the basis that it is proportionate 
to the difference between calorimeter and room temperatures Both methods 
have been employed in different expenments It soon became apparent, 
however, that the coohng rate of this type of calorimeter is dependent not 
only on the temperature of its contents at the time, but also, in a very large 
measuro, on their temperature over a considerable penodJbeforehand (10) 
This is no doubt due to complicated temperature gradients set up in the 
cork lagging and earthen w are pot It is therefore impossible to make a 
really accurate coohng correction for the Stewart calorimeter The 
inaccuracy is undoubtedly much greater when it is used, as in these expen- 
ments, for following rates of heat elimination w Inch change rapidly dunng the 
course of an experiment, than when it is used to measure a steady rate of 
heat elimination over a fairly long period The uncertainty of the coohng 
correction is most serious when the hand blood flow is so small that the rate 
of heat loss from the calorimeter considerably exceeds the rate of heat 
elimination from the hand When the blood flow through the hand is high, 
the heat loss by coohng is about one-sixth of the heat gam from the hand 
A large number of experiments was performed with the Stew r art 
calorimeter Because it is an instrument which has been much used, and 
because the uncertainties about the coohng connection do not invalidate 
the mam features of the results, these expenments are reported now It 
was, however, evident that some comparable expenments ought to be per- 
formed with a calonmeter with more precisely definable physical properties 
Accordingly, the “ vacuum ” calorimeter (10) was employed , wnth this 
instrument, dunng control observations without the hand in place, the 
temperature of the water altered by less than 0 002 °C per minute, or only 
one-fiftieth of the temperature change per minute produced by the hand 
w r hen the vessels were widely dilated 

At the end of all the calonmeter experiments the water level on the 
hand within the calorimeter was marked by introducing an oily dye on to the 
surface of the w r ater and the volume of hand actually immersed was measured 
by displacement The results were calculated as calones/100 ml hand/nnn 
Skm temperature Since the whole, or nearly the whole, hand w r as 
employed m the calorimeter or plethysmograph, it w r ould have been 
appropriate to sample the skm temperature at many points on the surface 
of the hand, either by connecting in series a number of thermocouples 
disposed at various points, or by scanning in rotation many separate 
thermocouples However, as neither of these methods is in common use, 
observations were confined (unless otherwise noted) to the skm covering the 
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pulp of the middle finger A single junction of gauge 32 copper wire and 
gauge 32 constantan wire was fixed in position by a single layer of adhesive 
tape The latter was never made to encircle the terminal phalanx because 
this might have restricted the blood supply The reference junction was m 
a thermos flask at 3C°C , immersed m a large thermostatically controlled 
water-bath at the same temperature The hand under observation was 
open and resting palm uppermost on the subject’s lap 

Production of changes in blood flow The circulation through the hand 
was made to vary by heating or coohng other parts of the body (13) As 
most of the experiments were performed in the summer, it was often 
impossible, by coohng the feet and leaving almost the whole body surface 
exposed, to reduce the hand blood flow to low levels, so that on hot days 
subjects spent a preliminary period of about 20 minutes m a cold room at 
4°C , and then sat with their feet in a stirred water bath at 12 to 16°C until 
recordings started In this way it was possible to commence an experiment 
with very low blood flows m the hands, but once the subject had been 
warmed it was often impossible to cool him again sufficiently to reduce the 
blood flons to the original level 

The blood flow through the hands was increased by warming the subject 
with an electnc blanket, placing both feet m a stirred water-batli at 42° 
to 44 °C (0) and wrapping lnm m blankets On some days fairly steady 
intermediate rates of blood flow were obtained by omitting active heating 
or coohng 

Results 

The results fall into six groups In each group experiments v ere 
performed at Ion, moderate and high levels of blood flow 

Observations on ’parallel changes m blood flow through the two hands 
These observations were made to estabhsh the degree of symmetry of the 
circulation through the hands Tor this purpose the hands were both placed 
either m plethysmographs or m calorimeters, and conditions were maintained 
as nearly as possible identical on the two sides 

(a) Calonmetnc comparison (5 experiments) 

In these experiments an attempt was made to immerse equal volumes 
of hand m each calorimeter As the two calorimeters were as nearly identical 
as possible and the experiments were commenced with the calorimeters at 
the same temperature, the uncertainty of the cooling corrections in no way 
detracts from the residts In each experiment the subject was warmed and 
cooled to alter his peripheral blood flow Fig 1 sliov s the results obtained 
on D T , m whom the greatest range of heat elimination v as observed It 
illustrates the close minute to minute correspondence which was a feature of 
all the experiments When the total amounts of heat eliminated from each 
hand during the v hole experiment \\ ere compared (Table I) there was 
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likewise remarkably close agreement This was so although the volumes of 
right and left hand immersed were not always identical The volumes were 
widely different m the case of J G W S , the less immersed hand having the 
greater heat elimination per 100 ml tissue The discrepancy in the two 



Fig 1 Comparison of the rates of heat elimination from the hands of D F mto Stewart 
calorimeters 

Right hand — open circles 305 ml of hand immersed Initial calorimeter temperature 
30 646°C , final temperature 31 842°0 

Lift hand- — solid circles 390 ml of hand immersed Initial calorimeter temperature 
30 3G0°C , final temperature 31 706°C 

Initial and final room temperature 22 3°C Subject stripped and seated for 30 mm before 
experiment started At 18 mm , blankets, hot pad, and stirred foot bath at 42 6°C started, 
and stopped at 47 min At 55 mm stirred foot bath at 15°C begun 

hands may well be due to the difference in level of immersion On a volume 
basis the heat elimination from the finger (5) is known to be greater than from 
the whole hand 


TABLE I 


Ratio of the total heat elimination from the two hands over a period during which the peripheral 
circulation was at various levels of construction and dilatation- 


Subject 

Period of 
observation 
in minutes 

Ratio of heat 
elimination per 

100 ml of hand 
Right/Left 

Volumes of hand 
immersed m ml 




Right 

Left 

KEG 

82 

1 05 

280 

300 

AD MG 

85 

0 97 

320 

320 

H S 

40 

1 08 

270 

270 

JG W S 

07 

0 84 

620 

400 

D F 

73 

1 02 

305 

390 






HAND BLOOD FLOW METHODS 


223 


( b ) Plcthysmographic comparison (3 experiments) 

In this comparison it was easier to be sure at the outset that equal 
volumes of the two hands were enclosed m the instruments The two 
pletliysmographs were maintained at the same temperature throughout 
An example of these experiments is shown in Tig 2 Not only are the curves 



Fig 2 Comparison of the rotes of blood flow tlrrough the hands of A P F when they were 
inserted into plethysmographs at the same temperature (30—30 5°G ) Volume of hand 
400 ml on both sides 

Right hand — open circles Left hand — solid circles Room temp 26°0 Subject 
stripped on scat for 30 mm before experiment started At 10 mm blankets, hot pad and 
stirred foot bath at 42°C started, and stopped at 42 nun 

for the two hands very similar, hut mmute-to-mmute fluctuations m the 
two hands occur simultaneously, as described by Freeman (8) Table II 
shows that the total blood flows per 100 ml of hand throughout the 
experiments were approximately equal on the two sides 

TABLE H 


Hallo of the total blood flairs through the hoo hands, per 100 ml of hand, over a period during 
which the. flow vaned between low and high values 


Subject 

Period of 
observation 
in minutes 

i 

t Ratio of 

blood flows 
Right/Left 

Volume of hand 
in plethyanlograph 
m mL 




Right 

Left 

AFJ 

59 

1 14 ! 

460 

460 

A JO AT G 

02 

1 10 

460 

460 

DJ 

65 

0 92 

1 

420 

420 
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Experiments to determine the influence of calorimeter temperature on 
the rate of heed elimination fiom the hand These experiments were performed 
because it was found that m experiments comparing calorimetric until 
plethysmograpluc measurements ovei a period of an hour or more, the 
temperature in the calorimeter, usually 20 5-30 0°C at the start, had often 
reached 32-32 5°C at the end The aim was to find out how much difference 
this temperature rise might make to the rate of heat elimination from the 
hand Changes in temperature of the calorimeter water may mediate 
changes m heat elimination m two ways — 

(a) By affecting the amount of heat released by each ml of blood 
flowing through the hand This might be approximately allowed for on the 
basis that the heat release is proportional to the difference between body 
temperature and calorimeter temperature Such a correction, however, 
does not allow for any redistribution of blood flow v Inch might occur between 
superficial and deep vessels 

(b) By altering the actual amount of blood flowing through the hand 
per minute (12, 8) 

These experiments were made with Stewart calorimeters On each of 
three subjects the heat eliminations from the two hands were measured 
simultaneously over 3 periods of about 20 minutes Before every period 
the hands were equilibrated for 16 mins with the water that was to be used 
to fill the calorimeter The aim was to have the water in the reference 
calorimeter about 30 °C , and that in tho other successively about 27, 30 and 
33°C Of the subjects used, one had a high, one a moderate and one a low 
heat elimination throughout the experiment The results (Table III) show 
that under these conditions the rate of heat elimination from tho hands 
followed fairly closely the difference between 37°C and the calorimeter 
temperature, over the range 27 to 33 °C Owing to tho uncertainties which 
attend the making of any correction for different calorimeter temperatures 
and the complexities of the variables involved, it uas not believed to be 
profitable to pursue this aspect of the problem further It was decided, 
therefore, to adjust all results for heat elimination to the heat elimination 
that would bo expected into a calorimeter at a temperature of 32 °C , by using 
the formula — 


Adjusted ratu ol heat eliuiIuntloQ i 


37 ° Q — 32°a 

i Obsencd rate ol beat elimination X 3^0 — Actual calorimeter temp 


Tins adjustment unessentially similar to that used by Arnott and Macfie 
(1) for the finger calorimeter\All subsequent results described m this paper 
have been adjusted for calonmeEbr^temperature in this way 
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TABLE m 


Comparison of the. rates of heat chmmation from the two hands into calorunctrcs containing water 
at different temperatures In each case the left hand was the reference hand Each period of 
observation was 15 mtn Heat eliminations are expressed in calories per 100 ml of hand per mm 


1 

Period 1 

Period 2 

Period 3 

Subject T> F 

Right Left 

Right Left 

Right Left 

Average calorimeter temp °C 

26 9 30 2 

30 7 31 3 

32 8 31 1 

A\ erege heat elimination 

17 2 14 3 

13 4 13 0 

115 13 4 

Ratio of heat eliminations R/L 

1 23 

1 03 

0 86 

37°C — R calorimeter temp °C 

37°C — L calorimeter temp °0 

i 1 48 

1 

1 10 

0 71 

Subject K.E C 




Average calorimeter temp °C 

28 5 31 2 

30 16 30 70 

32 7 31 2 

Avcrago heat elimination 

101 104 

120 112 

73 113 

Ratio of heat eliminations R/L 

I 55 

1 07 

0 02 

37°C — R calorimeter temp °G 

37 "C — L calorimeter temp “0 

1 45 

| 

1 09 

0 74 


Subject A.D.M G 

1 

! 

I 

! 

A\ erago calorimeter temp °C 

27 2 30 6 

30 5 30 8 

32 7 31 2 

Average heat elimination 

74 49 

53 46 

32 62 

Ratio of heat eliminations R/L 

1 51 

1 15 

0 51 

37°C — R calorimeter temp °C 

37 C C — L calorimeter temp °C 

1 63 

1 05 

1 

0 50 


Experiments to determine the effect of plelhysmograph temperature on the 
rate of blood flow through the hand Freeman (8) has investigated the effect 
of local temperature on the blood flow through the hand His subjects had 
blood flows of from 2 to 6 ml per 100 ml of hand per minute at a plethysmo- 
grapli temperature of 30°C We have extended these observations to 
subjects with the extremities m a state of general vasoconstriction or general 
vasodilatation produced by the cooling or heating In ten expenments the 
temperature of the water in the plethvsmograph was altered on two or three 
occasions during a single experiment and maintained at the new temperature 
for 15-20 min The heat elimination from the other (reference) hand was 
meanulule observed in a calorimeter at 30-32°C It was fully realised that 
the penods of observation were shorter than desirable, but they could not 
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be increased without making the experiments so long that they were 
uncomfortable for the subject, and required changes of water m the 
calorimeter to keep its temperature within the range 20 5 to 32°C Change 
of calorimeter water was avoided if possible and when it became necessary 
no rehance was placed on results obtained in the first 16 minutes after the 
change, owing to considerations mentioned when we discussed the properties 
of the Stewart calorimeter Tiie blood flon appeared to settle at a new level 
within a few minutes of changing the plothysmograph temperature Results 
obtained before it had done so have been discarded 

An attempt was made to test different subjects at different levels of 
blood flow through the hands, the circulation being maintained m as stable 
a state as possible during each experiment Wien the peripheral vascular 
bed is well dilated, or well constricted, reasonably constant levek of blood 
flow can be maintained for 30 minutes or more, but it is difficult to achieve 
this when the circulation is not in one of the extreme conditions Observa- 
tions of the heat elimination from the reference hand permitted some 
allowance to be made for uncontrollablo alterations m the circulation as a 
whole, as opposed to the local effect of the plethysmograph temperature 
At each plethysmograph tempeiature range m each experiment the mean 
blood flow and heat elimination wore determined from readings at minute 
intervals over at least 10 mm At plethysmograph temperatures other 
than 30 °C the blood flou figures have been adjusted for alterations in the 
general state of the circulation during an experiment by use of the 
expression — 


A\omgo hoot elimination from roforenoo 
hand per minute whilo plothj amogrnph 
u ns nt 30° C 

Avoroge blood (low obsorvotl X 

Aiorngo hoot elimination from reforenoo 
hand per minute whilo blood flow was 
being observod 

The temperature 30 °C was chosen because, following Grant and Pearson 
(0) many workers have maintained the plethysmograph at tlus temperature 
It is also within the temperature range used in the calorimeter This 
allowance is not entirely satisfactory because it assumes that any alteration 
m the general state of the circulation during an experiment would cause the 
blood flow through the two hands (under different local conditions) to be 
altered m the same proportion It is also ultimately dependent on the 
corrections applied to the Stewart calorimeter when it is being used at 
temperatures other than 32°G It is nevertheless thought to be reasonably 
satisfactory 

The results of these experiments are shown m Pig 3 The blood flow 
through the hand is appreciably altered by local temperature changes over 
a range which includes temperatures normally employed in the calorimeter 
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Such alterations are somewhat greater at leu flows than at high ones Our 
results for subjects in an intermediate state of peripheral vasodilatation are 
similar to those of Freeman (8), but ne recorded higher flows at plethysmo- 
grapli temperatures of 40-43 °C 



Fig 3 The effect of local temperature on the blood flow through the hand ob measured by 
the plot hysmogrnph Flows at temperatures other than 30°C hare been adjusted for ohnnges 
m the general state of the circulation as described in the text This adjustment wns 
omitted m the tliree experiments indicated, because the heat elimination from the reference 
hand was too email to bo measured with accuracy Each point represents the average of 
blood flows observed at minute intervals for not less than 10 mm 


Experiments in which the heat elimination from one hand was compared 
with the blood flow, as measured by the plelhy sinograph, through the othei hand 
In a series of five expen meats during w hich the plethysmograph temperature 
throughout the expenment w as kept within 0 2°C of the temperature of the 
Stewart calorimeter, the blood flow through the hands was maintained in a 
rclatn ely steady state for periods of at least 10 mm Successive penods m 
each expenment covered a wide range of flow, from about 1 to 16 ml per 
100 ml of hand per mm The relationship between the mean heat 
elimination per mm and the mean blood flow per nun over a number of such 
10 mm penods is shown in Fig 4 

In these expenments the hands were stnctly comparable as regards 
temperature They differed only in position, and m the volume under 
observation The average volume in the plethysmograph was about 400 ml , 
and m the calonmeter about 300 ml At low flow s about 3 8 calones are 
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eliminated from each ml of blood, but at high flows some observations show 
a beat ehmmation of between 5 5 and 0 calories per ml of blood Possible 
explanations of tins discrepancy are — 

1 That the fingers form a greater proportion of the smaller volume of 
band in the calorimeter than of the larger volume of band m the plethysmo- 
giapb It is known that the fingers normally carry a greater blood flow m 
relation to their volume when the vessels are dilated than does the band 
(5,17) 

2 That the plotbysmograpluc observations are inaccurate at very high 
rates of flow It often happens then that the band vessels become filled 
during the three or four heart beats immediately following the apphcation of 
the collecting pressure, and measurements may depend on a tangent drawn 
to only two or tliree pulse waves 
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Fig 4 Comparison of the rate of heat elimination from one hand into a Stewart calorimeter 
with the rate of blood flow tlirougli the other hand ns measured with a plethysmograpli 
The water in the plethysmoproph was mnintmned at the same temperature ns that m the 
calorimeter Heat elimination in cniones per 100 ml of hand per mm , adjusted to 
calorimeter temperature of 32°C Blood flow m ml per 100 ml of hand per min. Each 
point represents the average of observations over a period of not less than 10 mm 

To exclude the first of these possible sources of erroi, a second series of 
four experiments was performed m which equal volumes of band were em- 
ployed in the pletbysmograpb and calorimeter In tins series the “vacuum ’ 
calorimeter was used, and the plethj sinograph temperature was maintained 
within 0 1°C of that in the calorimeter On account of the largo and rapid 
fluctuations which are lino mi to oeciu, particularly at lates of flow 
intermediate between vaso-constnction and i r aso-dilatation, plethysmograplnc 
observations were made two or three times m every nnnute 

The results of a typical experiment are shown m Fig 5 During the 
first 45 nun the rate of heat ehmmation was intermediate between that 
consistent with full vasoconstriction and full vasodilatation Throughout 
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tins period the plethysmogrnph showed rapid fluctuations of flow in the 
other hand, successive readings varying between zero and 18 ml per 100 ml 
per rain (Fig 5a) Since it has been shown that such variations of flow 
occur simultaneously m the two hands it is evident that the calorimeter 
gives a more useful picture of the average state of the circulation over a 



o 10 20 30 A0 50 60 MIN 


Fig 5 Simultaneous observations of heat elimination from the right hand into a \acuum 
calorimeter, and volume flow through the left hand os measured with a plethysmogrnph 
at the same temperature as the calorimeter Subject, K W C 

Open circles and broken lines, blood flows in ml per 100 ml of hand per nun Solid 
circles and cont inuous lines, heat elimination in calories per 100 ml of hand per mm adjusted 
to calorimeter temperature 32°C Volume of right hand immersed, 600 ml , \olume of left 
hand in plethvsmograph, 490 ml 

A Actual observations, plethysmographic determinations two or three times per mm 
B Blood flows averaged for each mm 

C Blood flows and heat e limina tions averaged o\ er 5 mm periods 

period than does the plethj smograph These violent fluctuations of flow, 
which the calorimeter is incapable of recording, are much less evident both 
when the vasomotor tone is greatlj increased (Fig 5 a from 60th mm ), 
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and when the vessels are widely dilated When the volume flows measured 
with the plethysmograph during each minute are averaged, then the 
fluctuations of these averages are less staking, and the correspondence 
between them and the heat eliminations per minute is less irregular (Pig 5b) 
The parallelism is much closer when the results are expressed as the mean 
of the readings during five minute periods (Fig 5c) When this is done, 
there is at all levels of vasodilatation a heat elimination of about 4 cals 
per ml blood flow (Fig 0) 
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Fig G Comparison of the rate of heat elimination from one hand into a vacuum calorimeter 
with the rate of blood flow tlirough the other hand ns mensured with a plethysmograph 
Volumes of hand observed, and local temperatures a8 nearly ns possible equal 

Blood flow m ml per 100 ml of hand per min Heat elimination in calories per 100 ml 
of hand per mm adjusted to calorimeter temperature of 32°C 

Each pomt represents the average of observations over a period of not less than 10 nun 

I 

In general, during periods of circulatory stability there was remarkable 
agreement between the plethysmograph and the calorimeter, a finding which 
increased our confidence m the general reliability of both methods 

Comparison between the heat elimination from one hand, and the shn 
temperature measured over the pulp of the middle fingei of the other hand In 
each of the eight experiments in which this comparison was made, vasocon- 
striction and vasodilatation to varying degrees were maintained by immersing 
the feet m cold or hot water , the room temperature was between 20 and 
24 °C Results from two typical experiments are shown m Fig 7 Fig 7a 

shows an experiment onKEC m which striking changes in skin temperature 
over the range 22 — 34°G accompany qmte small alterations m lieat 
elimination Fig 7b shows another experiment on the same subject m which 
large and rapid alterations in the heat elimination from the hand were 
produced by rapid heating and cooling of the legs and trunk It can be 
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seen that the rise m skm temperature kept pace with the rapid rise m heat 
elimination, hut the skm temperature lagged behind when the heat elimination 
fell abruptly The skm temperature dechne in the latter case was very 
similar to that seen when the circulation to the arm is arrested The rate 
of decline then depends on the rato at which the hand loses heat to its 
surroundings The calorimeter responds quickly to a decrease or arrest of 
blood flow with a drop in heat elimination, which represents simply a failure 
of the system to gam heat 



A Subject cold nt slarl, nnd wnrmcd m Binges Room (emp 20 8 21 3°0 
B Subject nUermtelj wanned nnd cooled Room temp 21 7 22 0°C 
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The means of the skin temperature and heat elimination readings over 
periods of several minutes when both were reasonably stable are shown 
plotted against each other m Fig 8, from which it is clear that skin tempera- 
tures of 34 °0 were obtained when the heat elimination from the other hand 
was a quarter or less of the maximum obtainable by vasodilatation in response 
to heating Above 34 °C the skin temperature increased only slightly with 
large increases m heat elimination from the other hand 

The heat elimination from one fifth finger (14) i\as measured in a few 
experiments simultaneously with the skin temperature of the other fifth 
finger The results were very similar to those already quoted for hand 
calorimetry, and are not separately reported 

Smce the surface temperature of the hand m the calorimeter was at 
all times within the range 30-32 °C , vhile that of the other hand exposed 
to the air varied from 16 to 30 5°C , it may be supposed that at any particular 
time there uere considerable differences in blood flow between the two hands 
It is reasonable to expect that vhen the skm temperature was below 30°C , 



0 20 40 60 80 100 

CAL0RIE5 


Fig 8 Comparison of the rate of heat elimination from one hand with the skm temperature 
as measured over the pulp of the terminal phalanx of the middle finger of the other hand 
Results from 8 experiments at a room temperature of 20 24°C , and one (large circles) perform 
ed in February at a room temperature of 12°C Heat elimination in calories per 100 ml 
of hand per mm , adjusted to calorimeter temperature of 32°C Each point represents 
the average of observations over a period of about 10 mm during which the conditions were 
reasonably stable 
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the blood flow in that hand was less than m the calorimeter hand, that 
between 30 °C and 32°C it was the same, and that above 32 °C it was greater 
If such is the case, for Fig 8 to represent the relationslup of skin temperature 
to the blood flow r in the same hand, the points below 30°C would have to bo 
shifted to the left, and those above 32°C to the right Whether or not tins is 
done, it is clear that at low blood flows, small variations in flow cause big 
changes m skm temperature, but that at high blood flows, big variations m 
flow cause small changes in skin temperature These results are similar to 
tlioso obtained bj Wright and Phelps (18)ma comparison of skin temperature 
with blood flow r in the foot and leg 

A further comparison on three subjects was made during cold weather 
m the following February The results of one of these experiments, made 
at a room temperature of 12°C are inoluded in Fig 8 The points he rather 
to the right of the previous senes, but the essential featmes of the curies 
on which they he arc similai 


Summary and conctusions 

(1) Experiments ha\e been earned out on eight healthy male subjects 
in winch the blood flow through the hand was assessed by three methods, 
namoly, the venous occlusion plethysmograph, (arterial inflow), the hand 
calorimeter (heat elimination), and surface thermocouple (skin temperature) 
The methods were compared by using them simultaneously m pairs on the 
tw'o hands 

(2) When compared over penods of time the arterial inflow was 
remarkably similar m the two hands and so was the heat elimination This 
was so at all levels of penphcral vasodilatation and i asoconstriction 
Minute-to-minuto fluctuations in both volume flow and heat elimination 
were symmetrical m tho two hands 

(3) The effcot upon artenal inflow of varying the plethysmograph 
temperature has been re-investigated taking into account, and allowing for, 
alterations in tho general circulation during the period of the observations 
When tho arterial inflow was rapid as a result of heating part of tho body the 
effects of local temperature changes were relatively small and unimportant, 
whereas at low and intermediate rates of inflow tho oflect of changes of 
plethysmograph tomperaturo were more important 

(4) During periods of some minutes, when tho circulation through tho 
hands w r as reasonably stable, the rate of heat elimination fiom ono hand 
olosely paralleled tho avorago rato of arterial inflow into tho other hand, 
both hands being at tho samo tomperaturo 

(5) Under these conditions, the heat elimination was about 4 calories 
per 1 ml of blood, at all lovels of vasodilatation 
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(6) At intermediate levels of vasodilatation the arterial inflow may vary 
greatly in the course of a single minute, and a true picture of the general 
level of blood flow can only be obtained by averagmg a large number of 
observations The slower response of the calorimeter smooths out these 
rapid fluctuations 

(7) The response of the calorimeter is sufficiently fast to follow with 
considerable accuracy a large increase or decrease m the blood flow occurring 
over a period of two or three minutes 

(8) In a subject who is cool at the beginning of the experiment with a 
skin temperature at or below room temperature (20-24°C ), a skin temperature 
of 34 °C is usually attained on the pulp of the middle finger of one hand When 
the heat elimination from the other hand is a quarter or less of the maximum 
obtainable by heating the subject When the skin temperature has reached 
34°C considerable increases in heat elimination are accompanied by small 
increases in skin temperature, up to a maximum of 3G 5°-37°C 

( ( )) Skin temperature responds promptly to increases m the blood flow 
occurring over periods of two to three nunutes, but if the blood flow falls 
abruptly, the skin temperature falls slowly, as it does when the circulation 
is arrested 
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THE MECHANISM OE THE REDUCTION OF CLOT RETRACTION 
BY SEDORM3D IN THE BLOOD OF PATIENTS WHO HAVE 
RECOVERED FROM SEDORM3D PURPURA 

By J F ACKROYD 

(From the Medtcal Unit, St Mary's Hospital Medical School ) 


It has been shown (2) that when sedormid is added to the blood of patients 
who have recovered from sedormid purpura, clot retraction is reduced, and 
in some patients the platelets are agglutinated These effects are not seen 
m the blood of normal individuals It is well known that if platelets are 
removed from plasma by centrifugation (3, 6, 0, 7) or by the action of an 
anti-platelet serum (7), then olot retraction is reduced or even abolished 
It therefore seemed probable that the action of sedormid in reducing clot 
retraction might be due to an effect on the platelets As, however, 
agglutination of platelets could not be demonstrated m the blood of all 
the pationrs m whom sedormid caused a reduction m clot retraction and as 
lysis of platelets by sedormid was not observed in any of these preparations, 
it seemed possible that the reduction m clot retraction might be due to an 
effect of sedormid on some other part of the clotting mechanism Fibrmogen, 
thrombin and platelets were therefore added to different samples of the 
blood of patients who had recovered from sedormid purpura and the action 
of sedormid on clot retraction was again investigated on the supposition that 
a normal clotting factor might replace one sensitne to sedormid and so 
permit normal olot retraction in the presence of the drug It is the purpose 
of this paper to record the results of these experiments, and those to u Inch 
they led, and to show that, although, under tho conditions of the experiments 
previously reported, sedormid does not cause lysis of platelets m citrated 
blood, yet an abnormally rapid lysis of platelets docs occur when the blood 
of those patients is allowed to clot m the presence of the drug It is also 
shown that this lysis of platelets is duo to some factor m tho plasma, and is 
not due to a diroct interaction of sedormid with tho platelets of sonsitised 
individuals 

The cases investigated (Case I(NH), Case II (M B ) and Case III (.T MacP )) 
are thoso described m a previous communication (2) 

Methods 

Preparation of solutions of sedormid Saturated solutions of sedormid 
m 3 2% sodium citrate, 0 0% sodium chloride and in various preparations of 
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“ citrate saline ” (isotonic mixtures of these two solutions) were prepared by 
boiling these preparations for a few seconds noth the pure chemical allyl- 
lsopropyl-acetyl-carbamide, which is the active principle of sedormid, allowing 
them to stand at room temperature over night and then filtering For the sake 
of brevity, such solutions are referred to throughout this paper as solutions 
of sedormid 

Estimation of dot ret) action This was done by a method previous^ 
described (1) 

Platelet counts These w ere done on plasma after suitable dilution with 
3 2% sodium citrate The diluted plasma w'as mixed for five minutes in a 
mechanical shaker before being transferred to the hremoc 3 'tometer 

Effect of the addition of normal fibrinogen to whole blood on the inhibition of 

clot retraction by sedormid 

The fibrinogen w r as kindly supplied b} r the Medical Research Council 
Blood Products Unit, to w Inch I am indebted for generous supplies both of 
human fibrinogen and human thrombin This fibrinogen is made up m 
citrate saline and lyophihsed When dissolved m water to produce a 
concentration of 1 0% fibrinogen, the fluid has a salt content of 0 88% 
sodium chloride and 0 37% sodium citrate The sodium citrate was 
neutralised by the addition of 2 0 ml of isotonic (1 18%) calcium chloride 
to 10 0 ml of fibrinogen solution 0 G3 ml of this recalcified fibrinogen 
solution was added to 2 0 ml of blood to produce a final concentration of 

TABLE I 


Effect on clot retraction of the addition of rcdissolvcd lyophihsed human fibrinogen to blood 
showing no abnormaltly of coagulation 


Patient 

Diagnosis 

Conoen 
tration 
of added 
| fibrinogen 

No of 

doter 
mmations 
for each 
experiment 

Clot 

retraction % 
without 
ndded 
fibrinogen 

Clot 

retraction % 
with 
ndded 
fibrinogen 

HA 

Chronic 

cholecystitis 

0 2% 

4 

59 

18 

A V 

Rheumatic 
heart disease 

0 2% 

4 

02 

22 

M 0 

Coronary 

thrombosis 

0 2% 

4 

69 

34 

S W 

Constipation 

0 1% 

4 

69 

49 

BU 

Pleural 

effusion 

(probably 

tuberculous) 

0 1% 

4 

GO 

50 

HE 

Healed lobar 
j pneumonia 

0 1% 

4 

58 

41 
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0 2% of added fibrinogen The retraction of clots formed from thiB mixture 
was compared with that of 2 0 ml of blood diluted with 0 63 ml of recalcified 
citrate saline alone It was found that the fibrinogen caused a marked 
reduction in clot retraction This effect was still seen if the concentration of 
added fibrinogen was reduced to 0 1 % although the reduction m clot retrac- 
tion was then much less These results were obtained both with samples 
of normal blood (Table I) and -with blood from patients who had recovered 
from sedoruud purpura (Table II) This effect of fibrinogen is surprising 
but it receives confirmation from some experiments of Lundsteen (6) who 
showed that if the concentration of fibrinogen m plasma was lowered then 
clot retraction (measured by the rate of expression of serum) was increased 

TABLE n 


Effect on the tnhtbitton of dot retraction by sedormid of the addition of redissolved lyophthscd 
fibrinogen to the blood of tioo patients who had recovered from sedonnid purpura 


Patient 

Concentration 
of added 
fibnnogen 

No of 

determinations 
for each 
experiment 

Clot retraction % 

without added 
fibnnogen 

Clot retraction % 
with added 
fibnnogen 

Without 

sedormid 

With 1 
sedormid 

Without 

sedormid 

With 

1 sedormid 

Case I 
(NH) 

0 2% 

i 

4 

71 

20 

32 

1 ° 


0 1% 

4 

72 

34 

65 

10 

COBO II 
(MB) 

0 1% 

4 

00 

41 

48 

20 


The effeot of the addition of sedormid and fibrinogen to the blood of 
patients who had recovered from sedormid purpura was subsequently 
investigated by using the same solutions saturated with sedonnid It was 
found that when these two substances were added to the blood of these 
patients, clot retraction was almost entirely abolished and, moreover, that 
the fibnnogen and sedonnid each appeared to augment the reduction m clot 
retraction due to the other These findings are summarised in Table II 
If the reduction in clot retraction observed when sedormid was added 
to the blood of patients who had recovered from sedonnid purpura was due 
to an action of sedormid on their fibnnogen, then the addition of normal 
nonBensitive fibnnogen would have been expected to improve clot retraction 
in the presence of Ihe drug, probably to the level produced by the addition 
of fibnnogen alone, and certainly not to reduce it to a level even lower than 
that produced when sedormid was added by itself It therefore seems 
improbable that there was any replacement of sensitive by non-sensitive 
fibnnogen m these experiments, unless there was also some other factor 
involved m the inhibition of clot retraction by sedormid 
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Effect of the addition of normal thrombin to whole blood on the inhibition of 

clot retraction by sedormid 

When thrombin is added to normal blood, clot retraction is generally 
slightly reduced ( see Table III) Tins is because clots produced by thrombin 
tend to be more bulky than normal aB fewer cells are extravasated into the 
serum (1) This same effect was observed when thrombin uas added to 

TABLE HI 


The effect on clot retraction of the addition of thrombin to blood of patients with no 
abnormalities of coagulation 


Patient 

Diagnosis 

2 0 ml blood 
-(- 0 1 ml saline 

2 0 ml blood -f- 5 units 
tlirombm m 0 1 ml saline 

[ No of 

j experiments 

Clot 

retraction % 

No of 
experiment s 

Clot 

retraction % 

T D 

Silicosis 

2 

CO 

4 

52 

NO 

Hoaled 

coronnry 

thrombosis 

3 

GO 

4 

61 

AVA 

Healthy 

man 

4 

50 

4 

55 

BL 

Healthy 

man 

4 

G4 

4 

48 

MI 

Healthy 

man 

4 

GO 

4 

40 

J A 

Healthy 

man 

4 

54 

4 

50 


the blood of two patients who had recovered from sedormid purpura It 
ivas found, however, that if blood from these patients aa as added to a saturated 
solution of sedormid in sahne to which thrombin had previously been added, 
the reduction in clot retraction was less than that produced by a saturated 
solution of sedormid m sahne alone ( see Table IV) It seemed possible that 
this result nnght be due to the replacement until normal thrombin of 
thrombin modified in some way by sedormid, or alternatively, that the 
thrombin so greatly accelerated clotting that sedormid had not time to act 
as completely as usual To investigate this latter point, coagulation Avas 
delayed by the use of sodium citrate, and the action of thrombin on the 
inhibition of clot retraction by sedormid was mvestigated again to see if 
delaying clotting for several minutes before the thrombin was added aa ould 
enable the sedormid to exert its usual effect on clot retraction by allowing 
the drug a longer period m which to act Samples of blood Avere added to a 
saturated solution of sedormid m citrate sahne in clot retraction tubes winch 
also contained thrombin Further samples Avere citrated Avith the same 
sedormid containing solution and Avere clotted by adding thrombin aftei a 
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TABLE TV 


Effect of thrombin on the inhibition of clot retraction by ttdormid in the blood of patients who 
JJ haw recovered from sedormid purpura 


Details of experiment 

Case I* (NJH ) 

Case XI (M B ) 

No of 
experiments 

Clot 

retraction % 

No of 
experiments 

Clot 

retraction % 

0 G ml saline -p 2 0 ml. 
blood 

5 

00 

4 

67 

0 5 ml saline -f- 0 1 ml 
saline containing 4 units 
of thrombin -j- 2 0 ml 
blood 

5 

68 

* | 

j 

00 

0 6 ml saturated solution 
of sedormid In saline -p 

2 0 ml blood 

6 


4 

12 

i 

0 6 ml saturated solution 
of sedormid m saline -p 

0 1 ml saline containing 4 
units of thrombin -p 2 0 
ml blood 

Q 

2D 

4 

31 


period of 6 minutes The clot retraction of all those preparations was then 
estimated and compared with that of nitrated blood clotted with thrombin 
alone The results of these experiments are summarised in Table V They 
show that when dotting was not delayed, thrombin was able to reduce the 
action of sedormid quite considerably but that the action of sedormid m 
reducing clot retraction was preserved if the thrombin vas not added for 
about five minutes It therefore seemed clear that the eileot of thrombin 
m reducing the action of sedormid on clot retraction was due sololy to its 
power to accelerate coagulation 

Lysis of 'platelets by sedormid during coagulation 

The above experiments short that sedormid requires a certain time 
m which to act, and that only if the blood is clotted after this period has 
elapsed, will the full effect of sedormid on clot retraction bo obtained This 
observation raised the problem as to what is happening to the blood during 
tins period As these experiments had failed to provide any ovidenco that 
sedormid reduces clot retraction by an action on fibrinogen or thrombin it 
seemed possible that tins period might represent the tinio taken by sedormid 
to produce some alteration m the platelets The platelets n oro therefore 
observed during coagulation in the follouing tv ays 

1 By mahng Leishman stained films of dotting blood Blood was 
taken from an arm vein in an oiled syringe and 2 0 ml tv as added to 0 5 ml 
of a saturated solution of sedormid m saline m a tost tube A furthor 2 0 ml 
* Bovine thrombin used in theBo experiment 8 









TABLE 


240 


J F ACKROYD 



sodium citrate m 0 88^ 
sodium chloride) 
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of blood, diluted •with 0 5 ml of saline alone was used as a control Each 
preparation vas mixed by inversion Samples, from which dry films u ero 
made, were aspirated every minute from each tube until clotting was so far 
advanced that samples could no longer be readily obtained The films were 
later stained with Leishman’s stam In Cases I and II, the platelets m 
both preparations underwent agglutination but this tended to occur earher 
in the sedormid than m the saline preparations The platelets m saline 
subsequently underwent only quite slow lysis, whereas in the sedormid 
preparations the agglutinated platelets underwent rapid lysis Tins was 
most strikingly demonstrated in preparations from Case II who was the 
most sensitive patient examined The earliest change occurred in the 
periphery of the agglutinates where the platelets often lost their definition 
and staining characteristics as early as two minutes after the blood waB 
added to the sedormid solution At about the same time, the platelets 
in the centre of the agglutinates often became fused mto a structureless 
mass Lysis proceeded rapidly and the platelets had usually been reduced 
to a very few barely recognisable, famtly staining objects before olottmg 
began The appearance of the agglutinated platelets undergoing lysis is 
well shown in Eig 1 Similar but less striking changes were observed m the 
blood of Case I (N H ) but on one occasion no lysis u as seen It seems 
probable, from the observations recorded in the next paragraph, that the 
platelets did not undergo lysis m this preparation until after olottmg had 
occurred and was sufficiently advanced to prevent the aspiration of specimens 
In Case HI (J MacP ), who was a much less sensitive patient, no abnormal 
lysis was observed The findings m all these cases are summarised m 
Table VI 

2 By observing coagulation of platelet rich plasma m a hcemocytometer 

chamber Blood was taken in an oiled syringe and 10 0 ml transferred to 

each of two waxed centrifuge tubes These were immediately centrifuged 

at 2,500 rpm for 00 seconds ThiB caused sedimentation of most of the 
red and white cells leaving a laj 2 * * * * 7 er of platelet rich plasma above W itli a 
waxed pipette, 40 drops of this platelet rich plasma were transferred to each 
of two more waxed tubes, one containing 10 drops of saline and the other, 

10 drops of a saturated solution of sedormid in sahne The two tubes were 
closed with waxed corks and mixed by inversion A drop from each was 

transferred to a hfomocytometer chamber and the two preparations were 
observed under the microscope Sometimes the blood samples uere added 
to the sedormid and salme m the proportion of 1 0 ml of saline or sedormid 
solution m sahne to 4 0 ml of blood and then centrifuged The supernatant 
platelet rich plasma was immediately transferred to the hremooytometer 
chamber Tins uas found to be a satisfactory method as long as centri- 
fugation was complete before the sedormid had caused any significant 
degree of platelet agglutination If, however, agglutination occurred before 
the blood had been centrifuged, then the agglutinated platelets were tlirown 



TABLE VT 

Agglutination and lysis of platelets by sedormtd during coagulation of blood of stdormid sensitive patients 
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down during centrifugation and the supernatant plasma became practically 
free of platelets All three patients and a senes of controls were investigated 
by one or other of these methods In Cases I and n a very similar picture 
was observed Agglutination of platelets occurred earlier and was muoh 
more marked in sedormid than m saline The platelets m the sahne pre- 
parations remained visible as lughly refractile bodies until about the time 
clotting began and could be seen distinctly for a considerable penod after 
this, whereas the platelets m the sedormid preparations rapidly lost this 
characteristic refractihty and gradually became less and less distinct until 
finally all that remained were a few ill-defined amorphous masses It was 
often difficult to say when lysis was complete In most cases this process of 
platelet lysis was well advanced before clottmg began but on one occasion, 
m Case I (N H ), the coagulation time in both the sahne and the sedormid 
preparations was unusually short and lysis of platelets did not occur until 
after the plasma had clotted The lysis of platelets on this occasion was, 
however, just as definite, the fibrin threads enmeshing large numbers of 
platelets m the sahne preparation, while only an occasional platelet could 
be seen in the sedormid preparation A few minutes after this experiment 
was completed a further sample of blood was taken and treated in the same 
way except that the specimens of platelet neli plasma, winch had been mixed 
with sahne or sedormid, were left in the waxed tubes for fivo minutes before 
being transferred to the lisemooytometer On this occasion the lysis of 
platelets by sedormid occurred before clottmg began No abnormal lysis 
of platelets by sedormid was observed in the plasma of Case HI (J MacP ) 
or in plasma from twelve controls The findings in the three patients who 
had recovered from sedormid purpura are summarised m Table VI The 
ooagulation times of many of the samples are also shown m this table It 
will be seen that with only one exception, m winch the clottmg times were 
equal, the samples containing sedormid clotted considerably earher than did 
the samples winch contained sahne alone It seems probable that this 
acceleration of coagulation was due to the liberation of thrombokmase and 
possibly also of thrombin (4), by the platelets which were undergoing lysis 
The coagulation times of the sahne and sedormid preparations were accurately 
measured in six of the twelve controls On no occasion did they differ by 
more than 30 seconds A photomicrograph showing the lysis of platelets 
by sedormid in a hsemocytometer ohamber during the clottmg of plasma 
from Case II (M B ) is shown m Fig 2 

It appears from these experiments that sedormid causes lysis of platelets 
during the coagulation of the blood of some patients who have recovered 
from sedormid purpura This lysis begins from 2-7 minutes, and is almost 
complete from 4-9 minutes after exposure of the blood to sedormid 
Tocantins (7) has produced a considerable amount of evidence to show 
that platelets cause clot retraotion by settling on the fibrin threads and later 
fusing into small masses, so drawing the fibrin strands together It is clear 
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that if this explanation is correct then the lysis of platelets by scdornml 
during coagulation explains the loss of clot retraction w Inch has been observed 
when sedormid is added to the blood of patients who liavo recovered from 
purpura due to this drug Since the lysis of platelets by sedormid maj’- not 
occur until after clotting has started, it would seem that the explanation of 
the antagonistic action of thrombin noted aboie cannot be merelj that it 
precipitates clotting before the abnormal platelet lysis due to sedormid has 
occurred 



X 1 ig 3 Graph showing the effect of thrombin on the inhibition of clot retraction bj n saturated 
solution of sedormid in saline and the action of sedormid on the platelets in a similar 
preparation made at the same time Blood taken from Case I (N.H ) As in Table VI, 
the term ljsis refers onlj to morphological changes in the platelets 

To investigate further the action of thrombin, 40 ml of blood were 
transferred from an arm vein with an oiled syringe to a waxed tube containing 
10 0 ml of a saturated solution of sedormid m saline The contents of the 
tube -were immediately mixed by inversion and 2 5 ml transferred at minute 
intervals in a waxed pipette to clot retraction tubes each of which contained 
4 units of thrombin uiOlml of sahne Clot retraotion m each tube was 
measured In addition, dry films, which were later stained with Lei simian’s 
stain, were made at mmute intervals from a similar preparation made at 
the same time, and also from a further sample of blood diluted equally with 
sahne This was done so that the changes m the platelets could be accurately 
correlated with the changes observed in clot retraction These experiments 
were performed on Cases I and II and the results are given in Tigs 3 and 4 
They show that, in both cases, when coagulation was delayed only by the 
use of waxed vessels, thrombin lost its capacity to antagonise the action of 
sedormid on clot retraction within two minutes In Case II this corresponded 
with the onset of platelet lysis by sedormid, but in Case I lysis was not 
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observed before the blood clotted spontaneously ten minutes after exposure 
to the drug These results show that there is no correlation between the 
time taken by sedormid to cause lysis of platelets and the time at which 
thrombin loses its power to antagonise the action of sedormid on clot 
retraction, although it must be emphasised that sedormid may well produce 



Fig 4 Graph allowing the effect of thrombin on the inhibition of clot retraction by a saturated 
solution of sedormid m saline and the action of sedormid on the platelets in a similar 
preparation made at the same time Blood taken from Case II (M B ) In the control 
preparations containing saline alone platelet lysis was only just detectable at 7 minutes 
As in Table VI, the term lysis refers only to morphological changes in the platelets 

changes in the platelets which can interfere with their capacity to promote 
clot retraction long before it causes platelet lysis It seems probable that 
the clot retraction values obtained m these experiments are the resultant 
of two different processes actmg on the platelets, namely, the normal changes 
in the platelets which occur during coagulation and which are probably 
accelerated when coagulation is accelerated by thrombin, and the action 
of sedormid in causmg abnormal platelet lysis If thrombin is added to the 
blood sufficiently early m the experiment then the normal process of 
coagulation can probably so alter the platelets lmmunologically before 
sedormid has time to exert its full effect upon them that clot retraction 
approaches normal, but when thrombin is added later the aotion of sedormid 
on the platelets is by then so advanced (although it may not yet be detectable 
microscopically) that the platelets are incapable of promoting normal clot 
retraction 

Inhibitory effect of sodium citrate on the action of sedormid on dot retraction 
In the experiments reported above, m which the effect of thrombm on 
the action of sedormid on clno retraction was investigated, the antagonistic 
action of thrombm was found to be much less when the sedormid was 
dissolved in saline than when a saturated solution of sedormid m sodium, 













248 


J F ACKBOYD 


citrate was used ( compare Tables IV and V) unless the sedorrmd in sodium 
citrate was allowed to act for 6 minutes before the thrombin was added 
Thus, when the blood was added to a mixture of thrombin and sedormid in 
sahne clot retraction w as increased by only 14% m Case I and 19% m Case IT 
as compared with the clot retraction obtained when blood nas added to a 
saturated solution of sedormid in sahne alone When, however, the blood 
was added to a solution of thrombin m a saturated solution of sedormid in 
citrate sahne, clot retraotion was increased on an average by as much as 
31% in Case I and 43% m Case II as compared with the clot retraction of 
blood added to a saturated solution of sedormid m citrate sahne to vlncli 
thiombin was added after 5 minutes These findings suggest that the 
sodium citrate may have delayed the action of sedormid and so enabled the 
thrombin to cany the coagulation process further before sedormid could 
exert its effect and that in this -way the thrombin -was able to reduce the 
action of the drug on clot retraction to a much greater extent than when 
the drug was dissolved in sahne alone 

Further evidence that sodium citrate interferes -with the action of 
scdoimid on clot retraction was obtained -when an attempt was made to 
demonstrate the action of sedormid on the clot retraction of blood containing 
an excess of this substance ( see Table VII) When blood from Case I was 
mixed with a saturated solution of sedormid in 3 2% sodium citrate in the 
proportion of 0 4 ml of sedormid solution to 1 6 ml of blood and clotted 
16 minutes later, the clot retraction was not significantly lower than that 
observed when 3 2% sodium citrate alone was used Tins experiment was 
repeated with blood from Case II, using 0 6 ml of citrate to 2 0 ml of blood 
On this occasion the blood was allowed to stand on the bench for several 
hours after it had been mixed with citrate or with a saturated solution of 
sedormid in citrate before being clotted because it v'as felt that this might 
give the sedoimid time to act if its action was not completely mhibited, but 
merely delayed, by the presence of the anticoagulant After a delay of two 
hours sedormid still did not cause a significant reduction m dot retraction 
but when the sedormid was allowed to act for 5 hours before the blood was 
clotted a small but significant reduction m clot retraction was obtained 
although this was much less than that obtained when blood was added to a 
satuiated solution of sedoimid m saline 

These results are m marked contrast to those obtained in the experiments 
m which 0 37% and 0 8% sodium citrate m saline were used in the proportion 
of 0 6 ml of citrate solution to 2 0 ml of blood The action of sedormid 
was wall preserved with either of these preparations Neitliei, however, 
contained sufficient sodium citrate to prevent clotting m unwaxed vessels 
on all occasions although the preparation containing 0 8% sodium 
citrate would often do so The lowest concentration which would 
prevent coagulation on all occasions and yet preserve the action of 
sedormid was found to be 0 90% sodium citrate (NajO n H 5 0 7 2TL,0) using 
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0 6 ml of 0 96% sodium citrate m 0 63% sodium chloride to 2 0 ml of blood 
This is equivalent to using 0 15 ml of isotomc (3 2%) sodium citrate to 2 0 ml 
of blood The action of sedormid on the retraction of plasma clots was 
found to be readily demonstrable if the plasma was prepared by citrating 
blood m this way, and then centrifuging at 2,600 rp m for 4 minutes, to 
precipitate the red and white cells whilst leaving the platelets m suspension 
This concentration of citrate has been used in all the experiments on plasma 
reported below 

The platelets were observed during coagulation m some of the 
experiments on Case II In three preparations, m which sedormid reduced 
clot retraction, the platelets underwent abnormally rapid lysis but m one 
experiment, m which sufficient sodium citrate was used to prevent the action 
of sedormid on clot retraction, although some of the platelets underwent 
lysis, the majority appeared unaffected It therefore seems probable that 
sodium citrate interferes with the effect of sedormid on clot retraction by 
exerting a protective aotion on the platelets 

The effect of the addition of normal platelets to whole blood on the inhibition of 

dot letr action by sedormid 

It was by now clear that sedormid causes lysis of platelets during the 
coagulation of the blood of patients who have recovered from Bedormid 
purpura and it appeared probable that this is the mechanism by which 
sedormid reduces clot retraction It therefore seemed hkely that the addition 
of normal platelets to the blood of a patient who was sensitive to sedormid 
would restore normal clot retraction m the presence of the drug, because 
these normal platelets would persist and would be able to promote normal 
clot retraction even though the platelets originally present had been destroyed 

Before the effect of the addition of normal platelets on the action of 
sedormid on clot retraction could be investigated it was necessary to establish 
that this procedure had no effect on normal clot retraotion A suspension 
in 3 2 % sodium citrate, of normal platelets, isolated by a method which is 
described below, was therefore added to a series of samples of normal blood 
and to samples of blood from Cases I and II These preparations were 
clotted with either thrombin or isotomo calcium chloride and the clot 
retraction was compared with that of blood diluted with an equal volume of 
sodium citrate alone and clotted m the same way In every case but one, 
the abihty of the platelet suspension to restore clot retraction to plasma, 
the clot retraction of which had been abohshed by centrifuging out the 
platelets was also investigated usmg thrombin as a coagulant, and shown to 
be normal * The results of these experiments, which are given in Table VIII, 
show that in all the cases investigated the addition of normal platelets to 
whole blood, to produce a final concentration of from 170,000 per c mm to 
420,000 per c mm of added platelets m the mixture of blood and platelet 
suspension, had no significant effect on clot retraction 


* See footnote page 251 
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A suspension of normal platelets m 3 2% sodium citrate was subsequently 
added to the blood of Case II (M B ) and the effect of sedormid on its clot 
retraction was observed As a control, the effect of sedormid on the dot 
retraction of a further sample of this patient’s blood diluted with 3 2% 
sodium citrate alone was mvestigated All the samples m ere subsequently 
clotted with isotonic (1 18%) calcium chloride The results are shown m 
Table IX The control experiments showed that the quantity of sodium 
citrate used did not interfere with the action of sedormid in practically 
abolishing the clot retraction of this patient’B blood When the same volume 
of a suspension of normal platelets m sodium citrate was added to this 
patient’s hlood to produce a final concentration of added platelets of about 
140,000 per c mm m the mixture of blood and platelet suspension, there 
was no improvement in clot retraction in the presence of sedormid although 
the addition of this number of platelets permitted almost normal clot retraction 
m the absence of the drug That the platelets added were normal was shown 
by adding an equal concentration of the platelet suspension to the same 
patient’s plasma after its clot retraction had been abolished by centrifuging 
out the platelets This raised its clot retraction from less than 4% to over 
80% when thrombin was used as a coagulant * It was therefore clear that 
the addition of normal platelets m the concentration used did not improve 
the clot retraction of this patient’s blood m the presence of sedormid f 

Evidence that the effect of sedormid in reducing clot retraction is due to the 
action of a factor in the plasma 

The result of the above experiment was surprising and seemed to indicate 
either that there is some other factor, m addition to platelet lysis, u Inch is 
responsible for the reduction of clot retraction by sedormid, or alternatively, 
that the mechanism responsible for the lysis of these patients’ platelets is 
also capable of mactivatmg normal platelets To investigate this further, 
normal platelets n ere suspended m the plasma of patients who had recovered 
from sedormid purpura after the platelets originally present m the plasma 
had been removed by centrifugation, and the platelets of such patients were 
suspended m normal plasma freed of platelets m the same way The effect 
of sedormid on the clot retraction of these preparations was then mvestigated, 
and finally the effect of this substance on the platelets during coagulation 
vas observed m a hsemooytometer chamber These experiments proved 


* Thrombin was used in preference to calcium chloride in these control experiments because 
the clot retraction of citrate d platelet rich plasma clotted with calcium chloride is abnormally 
low as compared with that of normal plasma, separated without anti coagulants and allowed 
to clot spontaneously Such samples of plasma always retract to over 80%, as do preparations 
of normal citrated plasma when clotted with thrombin The use of thrombin therefore made 
it easier to be certain that the clot retraction of the platelet free ” plasma to which platelets 
had been added, was normal Thrombin was not used, however, in investigating the effect of 
the addition of normal platelets on the action of sedormid on the clot retraction of whole blood 
because it would ha\e confused the issue if more than one normal factor has been added at the 
same time 

t ^ wafi subsequently found [stz page 258 and Table XU) that when very high concentrations 
of platelets were used the action of sedormid could be abolished 
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ie platelet suspension had the following composition 
Platelets 2,870.000/o mm 

R B C 10,000/c mm 

WJB C 360/e mm 
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difficult and there were many failures The failures were of two types 
First, when no clot retraction was obtamed, even m the platelet contaming 
preparations to nhich no sedormid had been added, and second, when normal 
clot retraction was obtamed even m those tubes in which the platelets of a 
sensitised patient had been added to her own plasma which had been 
subsequently clotted m the presence of sedormid The first type of failure 
appeared to be due to the physical effect of the manipulations required to 
isolate the platelets for it has been shown by Tocantins (7) that even shaking 
platelet suspensions may destroy their capacity to promote normal clot 
retraction Fadures of tins type became infrequent as the method of isolating 
platelets, referred to below, was improved Sometimes, however, adhesion 
of the clot to the walls of the tube prevented retraction The danger oi 
loss of retraction from adhesion in these preparations is much greater than 
with normal plasma clots and even lining the tubes with a layer of paraffin 
wav may not be sufficient to permit normal retraction because clot retraction, 
after removal and resuspension of platelets, is less powerful than with normal 
plasma This is probably due to injury to the platelets during the 
manipulations involved For this reason, in some of these experiments, the 
tubes were lined with paraffin wax and subsequently, just before use, were 
rinsed out with liquid paraffin During the incubation of such tubes, the 
paraffin wax dissolves in the liquid paraffin, forming a fluid layer to wind: 
adhesion cannot occur 

Failure of the second type, in which normal clot retraction was obtamed 
even v hen the platelets of a sensitised patient were suspended in her own 
plasma and clotted in the presence of sedormid, was more difficult to explain 
It was not due to the use of an excess of anticoagulant because m all thesr 
experiments the amount used (0 075 ml of 3 2% sodium citrate per 1 0 ml oi 
blood) had previously been shown not to prevent the action of sedormic 
on clot retraction It was thought at first that it might be due to tin 
inactivation of some tliermolabile factor concerned m the lysis of platelets 
by sedormid and that this faotor might be destroyed during the manipula- 
tions involved For this reason, except when they were being centrifuged 
all the preparations were kept in the refrigerator at about 4°C until the} 
v ere finally mixed with sedormid or saline They were then left on tin 
bench for half an hour to permit the interaction of sedormid with the plasms 
constituents before bemg clotted These precautions were, however, 
insufficient to preserve the action of sedormid on clot retraction and nc 
further progress was made until it was reahsed that if an excess of plateletf 
was present m the final preparations of plasma, then sedormid caused only 
incomplete lysis and many platelets were left which were able to promote 
normal clot retraction The optimal number of platelets was not accurately 
determined but appeared to be of the order of 300,000 per c mm to 400,00C 
per c mm m plasma When all these precautions were taken, satisfactory 
results were almost invariably obtained 
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PInfelot " free ’’ plasma m theso experiments was prepared by centrifuging blood oitrated with 0 75 ml 3 2% sodium 
citrnto to 10 0 ml blood The counts performed on the different samples of plasma are given m Table XI 


IN SEDORMID PURPURA 255 


256 


J F ACKROYD 


Those experiments were performed on Cases I and II The details of the 
method by which the platelets were isolated, both for these and for the 
preceding experiments, will bo givon in a subsequent communication The 
following is a brief description Oxalated or citrated blood is centrifuged 
slowly at such a speed that the red and white cells are precipitated, while 
the platelets are left suspended m the plasma This plasma is siphoned off 
and centrifuged at high speed to precipitate the platelets The supernatant 
plasma is discarded and the platelets resuspended m isotonic potassium 
oxalate or sodium citrate They are again precipitated by centrifuging 
and the supernatant fluid discarded The platelets are washed twice more 
in this w r ay They may then be resuspended m a very small volume of 
citrate, as m the experiments reported above aftd added to blood or plasma 
in that state or the 3 r may be resuspended in platelet “ free ” plasma, as m 
the experiments reported below, either immediately, or after they have been 
further washed in saline In every case platelets were prepared from blood 


TYBLE XI 

Counts performed on samples of plasma referred to in Tabic X 


Coso I (N H ) Caso II (M B ) 

(counts per c mm ) (counts per o nlm ) 


. 

; 

Expt i 

1 

Expt 

o 

Expt 

3 

Expt 

4 



Expt 

3 

Expt 

4 

Platelet count on 
platelet “ free ” 
plasma 

20,000 

' 

40,000 

55,000 

20,000 

550 

450 

1,050 

1,850 

Platelet count oil 
platelet “ free ” 
plasma after addi 
tion of platelets 

000,000 

020,000 

. 

470,000 

500,000 

220,000 

180,000 

305,000 

400,000 

BBC count on 
platelet “ free ” 
plasma after addi 
tion of platelets 

380 

480 

1 

7,000 

1 

0,000 

1,000 

1,200 

5 

10 

WBC count on 
platelet “ free ” 
plasma after addi 
tion of platelets 

40 

20 

200 

100 

60 

40 

10 

5 


of the same ABO group as that of the plasma in winch they were to bo 
suspended In the experiments on Case I the final washing was done with 
3 2% sodium citrate and in those on Case II, with saline The samples of 
plasma used m the experiments on Case I were clotted with isotomc calcium 
chloride and those used in the experiments on Case U, with thrombin 
These small variations in technique appear to have made no significant 
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difference to the results which were identical m type in the two patients and 
may be considered together They are shown in detail in Tables X and XI 
and illustrated m Figs 5 and G 

In each experiment it was shown that clots formed from the platelet 
“ free ” preparations of plasma a ere irretractile and that normal retractility 
was restored by the addition of platelets, thus showing that the platelets 
had not been inactivated during the process of isolation Also, the platelets 
and plasma referred to as “normal” w ere investigated (Experiment 2, 
Table X) and it was shown that sedormid had no effect on the clot retraction 
of such samples of plasma to which “ normal ” platelets had been added 

It will be seen from Experiment 4 that, aB has already been stated, the 
effect of sedormid on the clot retraction of plasma of patients who have 
recovered from sedormid purpura was not abolished by removing the platelets 
by centrifugation and then replacing them Tins same reduotion m clot 
retraction by sedormid was also observed if these platelets were replaced by 
normal platelets (Experiment 1) This finding seemed to confirm the results 
obtained in a previous experiment m which it was showm that the addition 
of normal platelets to the wdiolo blood of a patient who had recovered from 
sedormid purpura failed to promote normal clot retraction m the presence of 
the drug When, however, the platelets of a sensitised patient w'ero added 
to normal platelet “ free ” plasma, sedormid had no effect on clot retraction 
(Experiment 3) This seemed to demonstrate beyond doubt that the 
inhibition of clot retraction by sedormid is due to some factor m the plasma 
of patients who are sensitive to the drug, and not to an abnormality of the 
platelets themselves Finally, the platelets m each preparation were observed 
during coagulation m a hiemocytometer chamber Abnormal lysis of 
platelets occurred only in those experiments in winch sedormid caused a 
reduction in clot retraction (Experiments 1 and 4) It wall be noted that 
these are the only experiments in which plasma from a patient who had 
recovered from sedormid purpura was used Both homologous (Experiment 
4) and heterologous (Experiment 1) platelets underwent lysis in such patients’ 
plasma in the presence of sedormid No lysis of the platelets of such 
patients, however, was obsen ed when these were suspended in normal plasma 
and subsequently clotted in the presence of sedormid (Experiment 3) 

Evidence that the effect of sedormid on clot retraction is due solely to its lytic 
action on ‘platelets during coagulation 

The above experiments suggest strongly that platelet lysis during 
coagulation is the only factor involved m the inhibition of clot retraction by 
sedormid These experiments, however, involved the use of an anticoagulant 
and consequently necessitated promoting coagulation with either calcium 
chloride or thrombin Although these substances, m the concentrations 
used, did not appear to modify the action of sedormid significantly, it seemed 
desirable to confirm that platelets were mdeed the only factor involved, by a 
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method which did not require the use of anticoagulants A procedure by 
winch this might be done was suggested by the observation, mentioned 
above, that if a large excess of platelets nas added to the plasma of a 
sensitised patient, not all the platelets underwent lysis w hen the plasma was 
clotted in the presence of sedornnd and that the surviving, unaffected 
platelets were able to piomoto normal clot retraction in the presence of the 
drug It seemed probable that if a high concentration of platelets, much 
greater than that employed m the experiment summarised m Table IX, 
nas used and if the platelets were suspended in sabne, and not m citrate, 
then it might be possible to promote normal clot retraction m the blood of 
sensitised patients in the presence of sedormid by the addition of platelets 
alone Suspensions of platelets in saline, or sedormid m saline, containing 
up to 3,500,000 platelets per c mm Mere therefore added to -whole blood 
and the effect of the sedormid on the clot retraction of these preparations 
was compared Mitli that of sedormid in saline on the clot retraction of blood 
to which no platelets had been added The results of these experiments, 
winch M r ere performed on Case II, are shown in Table XII When a suspen- 
sion containing 1,400,000 platelets per c mm Mas used the clot retraction 
in the presence of sedormid u r as increased from less than 4%, in the tubes 
to which no platelets had been added, to 55% in the tubes containing the 
platelet suspension This latter figure is only 9% less than the retraction 
in the tubes to which platelets but no sedormid hud been added That is, 
the reduction in clot retraction by sedormid mtvs decreased from over 58% 
to 9% by the addition of the platelets This experiment Mas later repeated 
using over twice the number of added platolets With such a very high 
concentration of platelets some allow ance had to be made for the volume of 
platelets added To compensate for the dilution of the sedormid solution 
by platelets, the control preparations containing sedormid but no platelets 
w r ere diluted wutli saline m the proportion of 0 1 ml of saline to 0 4 ml of a 
saturated solution of sedormid m saline The platelet suspension used on 
this occasion contamed 3,500,000 platelets per c mm and raised the platelet 
count in the blood from its initial level of 490,000 j^or o mm to 1,375,000 
per c mm m terms of the original volume of whole blood RaiBing the 
platelet count to this level completely abolished tho action of sedormid on 
clot retraction As no othei clotting factor except w ashed platelets, and no 
anticoagulants were used, those results seemed to prove conclusively that 
platelet lysis is the only factoi involved m the loss of clot retraction winch 
is observed when tho blood of sensitised patients is allowed to clot m the 
presence of sedormid 

To conclude, therefore, it appears clear that sedormid reduces the clot 
retraction of the blood of patients who have recovered from sedormid jnupura 
by causing abnormally rapid lyBis of the platelets during coagulation Tlus 
platelet lysis is the only factor involved and it results from the action of some 
factor m the plasma of these patients and is not due to any peculiarity of the 
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platelets themselves It also seems clear that the lysis of platelets is a 
nonspecific effect, and that the thromhocytolysm acts equally readily on the 
platelets of patients who are not sensitive to sedomnd 

Summary 

1 The action of sedonmd in reduomg clot retraction m blood of 
patients who have recovered from sedormid purpura has been investigated 
by adding fibrinogen, thrombin and platelets to different samples of the 
blood of such patients, and investigating the action of sedomnd on the 
clot retraction of the resulting mixtures This was done on the supposition 
that a normal clotting factor might replace one sensitive to sedormid and so 
permit normal clot retraction m the presence of the drug 

2 The addition of fibrinogen to the blood of such patients, or to normal 
blood, reduces clot retraotion When sedormid and fibrinogen are added 
to the blood of sedormid sensitive patients the reduction m clot retraction 
is greater than with either alone 

3 When thrombin is added to normal blood or to the blood of patients 
who have recovered from sedormid purpura, clot retraction is generally 
slightly reduoed When thrombin and sedormid are added simultaneously 
to the blood of such patients the thrombin lessens the reduction m clot 
retraction due to the sedonmd but if the sedormid is allowed to act for 
5 minutes before the thrombin is added, then the aotion of sedormid in reduc- 
ing clot retraction is unimpaired 

4 These experiments, therefore, provide no evidence that either 
fibnnogen or thrombin is concerned m the action of sedormid on clot 
retraction The action of thrombin appears to be merely that it accelerates 
coagulation and so prevents sedormid from acting as completely as usual 

6 If the blood of patients who have recovered from sedormid purpura 
is observed microscopically during coagulation in the presence of sedormid 
the platelets are seen to undergo abnormally rapid lysis This almost! 
certainly explains the action of sedonmd in reducing clot retraction becausei 
if platelets are removed from blood, clot retraction is mvanably abolished - 

6 The presence of an excess of sodium citrate prevents the action of 
sedormid on clot retraction It appears to do this by protecting the platelets 
from abnormal lysis by sedormid during coagulation 

7 The addition of normal platelets to normal blood or to the blood of 
sedormid sensitive patients has no effect on clot retraction 

8 The addition of normal platelets to the blood of a sedormid sensitive 
patient to produce a final concentration of about 140,000 per c mm of 
added platelets does not improve clot retraction in the presence of sedormid 
although this concentration of platelets is sufficient to restore normal clot 
retraction to this patient’s plasma after its clot retraction has been abohshed 
by centrifuging out the platelets 
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0 If normal platelets are added to the platelet “ free ” plasma of 
patients who have recovered from scdormid purpura and the plasma is 
subsequently clotted in the presence of scdormid, the platelets are lysed 
abnormally rapidly and clot retraction is greatly reduced 

10 If the platelets of sedornnd sensitive patients are added to normal 
platelet “ free ” plasma which is then clotted in the presence of scdormid, 
the platelots are not lj sed abnormally rapidly and clot retraction is normal 

11 If an excess of platelets is added to the plasma of a sensitised 
individual which is then clotted in the presence of scdormid not all the 
platelets undergo the abnormal lysis due to the drug and those remaining 
arc able to promoto normal clot retraction If a sufficiently largo excess of 
platelets is added to whole blood the action of sedornnd on clot retraction 
is entirely abolished 

12 It is thereforo concluded that scdormid reduces clot retraction 
in the blood of patients who have recovered from scdormid purpura by 
causing lysis of platelets during coagulation and that this is the only factor 
in\ olved This platelet lysis results from the action of some factor m tlio 
plasma and is not duo to any peculiarity of the platelets themselves 
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(a) 


(&) 


Fig 2 Photomicrographs showing lysis of platelets by sedormid during coagulation, in a 
htemocytometer chamber, of platelet rich plasma from a patient (Case II (2VX B )) who has 
recovered from sedormid purpura Each photograph was taken 20 minutes after the 
sedormid or saline was added to the plasma 

(а) Plasma diluted with saline Clot contains numerous platelets 

(б) Plasma diluted with a saturated solution of sedormid in saline 
The plateletB in the clot lia\e practically all undergone lysis 
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(a) (b) (c) (d) (e) (/) 

Fig 6 


(a) (6) (c) (d) (e) (/) 

Fig 0 


Fig 5 Effect on the action of sedormid on clot retraction of the addition of normal platelets 
to the platelet free * plasma of a patient (Case II (M B )) who has recovered from sedormid 
purpura 

(а) Platelet “ free * plasma from Case II plus normal saline Clot retraction nil 

(б) Platelet “ free ’ plasma from Case II plus normal platelets plus saline Clot 
retraction normal 

(c) Platelet ‘ free ’’plasma from Case II plus normal platelets plus a saturated solution 
of sedormid in saline Clot retraction ml 

(d) Normal platelet “ free ” plasma plus saline Clot retraction ml 

(e) Normal platelet free ” plasma plus normal platelets plus saline Clot retraction 
normal 

(/) Normal platelet * free ” plasma plus normal platelets plus a saturated solution of 
sedormid in saline Clot retraction normal 

?ig C Effect on the action of sedormid on clot retraction of the addition of platelets from a 
patient (Case II (M B )) who has recovered from sedormid purpura, to normal platelet 
: free ’ plasma 

(а) Platelet ‘ free ” plasma from Case II plus saline Clot retraction nil 

(б) Platelet “ free ” plasma from Case II plus platelets from Case II plus saline Clot 
retraction normal 

(c) Platelet 1 free plasma from Case II plus platelets from Case II plus a saturated 
solution of sedormid in saline Clot retraction ml 

{d) Normal platelet “ free ” plasma plus saline Clot retraction ml 

(c) Normal platelet free plasma plus platelets from Case II plus saline Clot 
retraction normal 

(/) Normal platelet free ’ plasma plus platelets from Caso II plus a saturated solution 
of sedormid m saline Clot retraction normal 
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If a patient who has recovered from sedormid purpura is given a test dose 
of sedormid by mouth, the platelet count falls rapidly and may reaoh 
extremely low levels within 30 minutes to an hour (8) The speed with whioh 
the count falls suggests that the platelets must be destroyed m the peripheral 
blood, for an effeot on the bone marrow, by itself, would hardly be capable 
of produomg so rapid a reduction in the number of platelets It has been 
shown that sedormid causes agglutination of platelets when the blood of 
some of these patients is mixed with ten times its volume of a saturated 
solution of sedormid m 3 2% sodium citrate although the platelets m such 
preparations do not undergo lysis even after 4 to 6 hours (1) An 
abnormally rapid lysis of platelets, winch ib associated with a marked reduc- 
tion m clot retraction, does, however, occur when the blood of these patients 
is allowed to clot in the presence of sedormid (1, 2) The effect of sedormid 
on dot retraction can be demonstrated on citrated blood clotted with either 
calcium chloride or thrombin if minim al concentrations of sodium citrate 
are used, but is inhibited in the presence of an excess of sodium citrate 
The Bodium citrate appears to act by reducing greatly the action of sedormid 
m causing abnormal platelet lysis during coagulation (2) It seemed 
therefore that the failure to demonstrate platelet lysis m citrated blood, 
referred to above, might well have been due to the fact that a large excess 
of sodium citrate was used in these experiments and that tins, while per- 
mitting platelet agglutination, protected the platelets from the lytio aotion 
of the drug The effect of sodium citrate and other anticoagulants on the 
action of sedormid on the platelets of these patients was therefore 
investigated It is the purpose of this paper to show that sedormid causes 
agglutination and lysis of the platelets of sedormid sensitive patients but 
that platelet lysis is inhibited by an exoess of any of the anticoagulants 


♦It gives me very great pleasure, once again to express my thanks to the three patients for 
their unfailing cooperation in all these experiments 

I should also like to thank Professor G IV Pickering for his continual encouragement and 
advice throughout the work covered by this and the preceding three papers on clot retraction 
and on sedormid purpura 

The photographs were taken by Dr P N Cardew and Mr E V Willmott 
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used In addition, an attempt has been made to discover which components 
of the sedormid molecule are principally concerned in the action of sedormid 
on the platelets 

The patients investigated, N H (Case I), M B (Case II) and J MacP 
(Case ill) are the same as those referred to in previous reports on Bedormid 
purpura (1, 2) 

Methods 

Platelet counts 

These were done by one of the two following methods — 

Modified Gram- Thomsen method (6, 9) A known volume of isotonic 
sodium citrate or other suitable anticoagulant is placed in a waxed tube 
and a measured volume of blood, taken in an oiled syringe, is added The 
tube is closed with a waxed cork and mixed by repeated inversion A small 
volume of the diluted blood is transferred to a Wmtrobe heematocnt tube (II) 
and the packed cell volume determined after centrifugation The tube of - 
diluted blood is then allowed to stand to permit sedimentation of the red 
and white cells The platelets in such preparations remam uniformly 
suspended in the plasma for many hours A sample of this plasma is diluted 
1 100 with isotonio sodium citrate and mixed in a mechanical shaker for 
fl minutes A drop of this diluted plasma is transferred to a hsemooytometer 
chamber The preparation is then allowed to stand for 20 minutes to permit 
the platelets to settle before they are counted As the volumes of blood and 
anticoagulant originally used and the paoked cell volume of the diluted blood 
are known, the number of platelets per c mm of whole blood can readily be 
calculated In the work reported below, to ensure as great accuracy as 
possible, very large numbers of platelets, often over a thousand, have been 
counted in each preparation 

Modified Tocantins method (10) In this method the oount is done 
immediately after the blood is mixed with anticoagulant and without 
allowing the red and white cells to sediment The blood is further 
diluted 1 200 with isotonic sodium citrate and mixed for 5 minutes 

m a mechanical shaker It is then transferred to a haimocytometer 
chamber and the platelets are counted 20 minutes later The mam objection 
to this method is that the platelets tend to be obscured by the red and white 
cells present m the counting chamber The method was, however, found 
useful for certain experiments m which the more accurate Gram-Thomsen 
method could not be used 

Preparation of solutions 

The method by which solutions of sedormid and chemically related 
substances were prepared has been described previously (1, 2) Solutions 
of sodium citrate or potassium oxalate, which did not contain sedormid, 
have been boiled before use The reason for this is given on p 272 
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Agglutination and lysis of 'platdets by sedormid in blood diluted with a small 
volume of an isotonic solution of sodium citrate 

The minimum quantity of sodium citrate which invariably prevents 
coagulation of blood m unwaxed glass vessels has been Bhown to be 
0 076 ml of 3 2% sodium citrate to 1 0 ml of blood This concentration of 
citrate permits the action of sedormid on clot retraction to be demonstrated 
when either calcium chloride or thrombin are used as coagulants (2) 
Blood, taken m oiled syringes, from patients who had recovered from sedormid 
purpura was therefore mixed with a saturated solution of sedormid m 3 2% 
sodium citrate in these proportions in waxed tubes Samples were aspirated 
at intervals of a minute and dry films were made whioh were subsequently 
stained with Leishman’s stain Blood diluted with citrate alone in the 
same proportions was used as a control 

Films of blood taken from the three patients who had recovered from 
sedormid purpura showed that m Cases I and II, platelet agglutination 
began to appear at the end of the second minute after the blood was mixed 
with the sedormid solution and became maximal 1 to 3 minutes later By 
tins time the picture was very striking with many large agglutmates of 
often as many as 20 to 30 platelets, very few platelets remaining free A 
typical picture is shown in Fig 1 In the same preparations it became 
obvious after about 6 minutes in Case H and 10 minutes m Case I that the 
platelets were beginning to undergo lysis They began to swell and became 
indistinct and many “ ghost ” forms were seen Also, the agglutmates 
were becoming smaller This appeared to be duo to separation of platelets 
from the agglutmates as the number of free platelets was rising at the same 
time This last phenomenon had previously been observed m preparations 
containing an excess of citrate (1) The process of platelet lysis continued 
rapidly for about 16 minutes after the blood was mixed with sedormid and 
thereafter proceeded much more slowly Even after 4 to 6 hours the process 
was by no means complete and platelets were still fairly numerous although 
they all showed striking morphological changes Similar preparations were 
made on two occasions with blood from Case HI In this case agglutination 
of platelets did not occur untd the end of the second hour and was never as 
complete as m Cases I and II Platelet lysis was just detectable at 2 hours 
and was readily seen at 4 hours 

These appearances were m striking contrast to those of the platelets 
m blood diluted with citrate alone In these preparations agglutination of 
platelets was minimal even after 6 hours and the platelets at this time were 
still numeroua and appeared normal A series of controls, mostly of blood 
from healthy students, was also set up Of 26 preparations, 25 showed no 
significant agglutination of platelets m either sedormid or citrate One, 
presumably as a result of faulty technique, developed agglutination of the 
platelets in both preparations 
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It therefore seemed clear that sedormid caused both agglutination and 
lysis of platelets m the blood of patients who had recovered from sedormid 
purpura The degree of agglutination of the platelets m the sedormid 
preparations was, however, such that it was impossible to get a quantitative 
estimate of the number of surviving platelets by counting then m stamed 
films by the method of Fomo (5) During the course of these investigations 
it was noticed that if the tubes were allowed to stand so that the red and 
white cells sedimented leaving a layer of supernatant plasma, the plasma 
m the preparations containing oitrate alone was opalescent but was quite 
clear in the preparations containing sedormid The appearances of the 
plasma in two such tubes is shown in Fig 2 Microscopic examination 
showed that the opalescence of the citrate preparations was due to the 
presence of large numbers of platelets which were unif ormly suspended m 
the plasma whereas only a few platelets were left suspended m the plasma m 
the sedormid preparations The capacity of the platelets to remam suspended 
m plasma for several hours without sedimenting has been utilised by Gram (6) 
and Thomsen (9) m their very satisfactory method of platelet counting referred 
to above It seemed that the apphcation of this method to preparations 
of blood containing a saturated solution of sedormid m sodium oitrate, and 
comparison with the results obtamed with preparations of blood diluted with 
oitrate alone might provide a simple way of assessing the percentage loss of 
free platelets after several hours’ exposure to the action of sedormid 

In order to show that sedormid had no such effect on the platelets of 
normal individuals, a senes of controls, of blood from healthy individuals, 
was set up In each case the blood was taken from an arm vem m an oiled 
syringe and 10 0 ml was added to 0 75 ml of a saturated solution of 
sedormid m 3 2% sodium citrate m a waxed tube whioh was then closed 
with a waxed cork and the contents mixed by inversion An equal volume 
of blood was added to a similar tube containing oitrate alone and treated 
m the same way The two tubes were then stood for at least 6 hours, at the 
end of which time the red and white cells had sedimented leaving a supernatant 
column of plasma Platelet counts were done on each specimen of plasma by 
the Gram-Thomsen method On the first occasion on which this was done, a 
senes of 10 control specimens of blood was mvestigated and m each the 
platelet count m sedormid was higher than that in oitrate alone It was 
then reahsed that although the sedormid containing solution had been boiled 
when the sedormid was dissolved m it, the citrate used as a control had not 
been boiled It seemed probable that the shghtly higher counts in the 
sedormid preparations were due to the small increase in the concentration 
of citrate resulting from the bo ilin g of these preparations, for Wright (12) in a 
study of potassium oxalate, heparin, chlorazol pink and chlorazol blue has 
shown that the survival of platelets m such preparations, when relatively 
small amounts of anticoagulant are used, is proportional to the concentration 
of the anticoagulant When both the citrate and sedormid m citrate solu- 
tions were boiled for the same length of time there was no significant difference 
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between the platelet counts in the two preparations m 10 normal controls 
(see Table I) It therefore seems clear that sedormid has no effect on the 
platelets of normal individuals Also, it would appear that the investigation, 
by this method, of the survival of free platelets in plasma in the presence of 
sedormid might be a simple and satisfactory test for sedormid sensitivity 
in patients who have recovered from thrombocytopemo purpura suspected 
of being due to this drug 

TABLE I 


Action of sedormid on the platelets of healthy individuals who were not hypersensitive to sedormid 


Patient 

Platelet count on plasma after G hours, expressed as platelets per c-mm of 

whole blood 

0 076 ml 3 2% sodium citrate per 

1 0 ml blood 

0 076 ml 3 2% sodium citrate 
saturated with sedormid per 1 0 ml 
blood 

HJ 

600,000 

600 000 

P MoK 

500,000 

610,000 

JT 

480,000 

490 000 

E A 

330,000 

330,000 

S A 

400 000 

440,000 

PB 

480,000 

460 000 

DS 

240,000 

260,000 

LM 

460 000 

430,000 

JG 

410,000 

380 000 

o 

430,000 

420,000 


Action of anticoagulants on the agglutination and lysis of platelets by sedormid 

Platelet counts were done by the Gram-Thomsen method using from 
0 075 ml to 10 0 ml of a saturated solution of sedormid in isotonic (3 2%) 
sodium citrate to 1 0 ml of blood In each preparation the platelet count 
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was compared with that of an equal volume of blood diluted with the same 
quantity of 3 2% sodium oitrate alone Using a minimal quantity of 
3 2% sodium citrate , namely, 0 075 ml of citrate solution to 1 0 ml of 
blood, the oount m the sedormid preparations was about 70% less than m 
citrate alone m Case I and about 90% lesB m Case II In Case HI the 
reduction in free platelets was ]ust over 40% With increasing volumes of 
sodium citrate the percentage loss of free platelets became less and in Case I 
was 36% when 0 26 ml was used and only 16% when 0 6 ml of citrate 
solution was used to 1 0 ml of blood With a proportion of 10 0 ml of 
citrate to 1 0 ml of blood, although there was shght agglutination of platelets 
m the sedormid preparation, there was virtually no loss of platelets in the 
plasma, the figure of 3% loss of platelets recorded for Case II bemg within 
the limits of experimental error by this method Similar results were 
obtained with isotonic (I 6%) potassium oxalate and with solutions of 
hepann in saline The action of sedormid on platelets waB well shown when 
small quantities of either of these anticoagulants was used With larger 
quantities both were able to inhibit the action of Bedormid , completely m 
Case I, and almost completely m Case HE With sodium oitrate and potassium 
oxalate, the quantity of the anticoagulant could only be increased by 
increasing the volume of solution used because increasing the concentration 
would have made the preparations hypertonic This raised the problem 
whether the effect of large volumes of these anticoagulants on the action 
of sedormid on the platelets was due to the anticoagulant itself or was simply 
the result of the considerable dilution involved To investigate this 1 0 ml 
of blood was added to 0 076 ml of 3 2% Bodium citrate which had been 
diluted to 10 0 ml with saline and the platelet count by the Gram-Thomsen 
method was compared with that obtained when 1 0 ml of blood was diluted 
with 10 0 ml of the same solution saturated with sedormid In both Cases 
I and II the reduction in the platelet count was approximately as great as 
when the blood was diluted with a saturated solution of sedormid in oitrate 
alone m the proportion of 0 076 ml of citrate solution to 1 0 ml of blood, 
although there was practically no reduction m the count when 10 0 ml of 
sedormid m citrate was used to 1 0 ml of blood Similar results were 
obtamed when 1 0 ml of blood was added to 0 126 ml of a saturated solution 
of sedormid m 1 6% potassium oxalate which had been diluted to 10*0 ml 
with a saturated solution of sedormid m saline , the percentage loss of plate- 
lets bemg approximately the same as when a saturated solution of sedormid 
in potassium oxalate was used in the proportion 0 126 ml to 1 0 ml of blood 
It therefore seemed clear that the failure to demonstrate a reduction of free 
platelets m the plasma by sedormid when large volumes of these anti- 
coagulants are used is due entirely to the anticoagulants themselves 

With hepann it is, of course, possible to increase the concentration of 
the anticoagulant without significantly increasing its tonicity It was 
found that large quantities of hepann m large or small volumes of sahne 
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TABLE n 

Effect of sodium citrate on the action of scdormtd on the platelets of patients who have recovered 

from scdormtd purpura 


Patient 

Date 

Volume of 3 2% 
sodium citrate 
per 1 0 ml blood 

Platelet count on 
plasma after 6 hours 
expressed as 
platelets per cJnm 
of whole blood 

% loss of 
free 

platelets 

Without 

sedormid 

With 

anti 

coagulant 

solution 

saturated 

with 

sedormid 


21 10 47 

0 075 ml 

} m 

119,000 

ms 



30 10 47 


Btt nil i IVES 

110,000 

78 



11 11 47 


B i: Hi I ifl 

nliniiTiiifl 

05 



29 1 48 


048,000 

EiH 





0 25 ml 


280,000 

28) 






304,000 

41) 



30 10 47 

0 5 ml 



ms 



11 11 47 




H 



11 11 47 

10 0 ml 

242 000 

253 000 

Nil 



13 1 48 


354,000 

371,000 

Nil 




10 0 ml (0 075 ml citrate 



m 

mm 


13 1 48 

diluted to 10 0 ml with 

B wJ(i «!«■ 


Mail 



3 2 48 

saline) 




Wm 

Case U 

18 10 47 

0 076 ml 





(MB) 

10 1 48 




93 



17 1 48 




92 



7 2 48 




94 



10 1 48 

10 0 ml 



3 


17 1 48 

10 0 ml (0 075 ml citrate 

365,000 

87 000 

70 



7 2 48 

diluted to 10 0 ml with 

400,000 

70,000 

S3) 




saline) 





Case m 

23 1 48 

0 076 ml 

388,000 

219,000 

44 


(J-McP ) 








could antagonise the action of sedormid but that this action was well preserved 
if small quantities of heparin (8 to 16 units per 1 0 ml of blood) were used in 
either large or small volumes of saline thus showing that all the anticoagulants 
investigated can antagonise the action of sedomnd on the platelets of patients 
who have recovered from sedormid purpura The findings m all these in- 
vestigations are summarised m Tables n, III and IV 
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It has been shown above that when sedormid is added to the blood of 
sensitised patients in the presence of minimal quantities of sodium citrate, 
the platelets are agglutmated and many also undergo lysis Blood films 
made m the oourse of the above experiments showed that the same effects 
were produced when minimal quantities of potassium oxalate or hepann 
were used It seems probable that the loss of platelets in the plasma in 
these experiments was due to this combination of platelet agglutination 
and lysis In an attempt to assess the degree of platelet lysis involved, some 
of these experiments were repeated and after the platelet counts had been 
done by the Gram-Thomsen method, 6 hours after the tubes had been Bet up, 
the blood was mixed m a mechanical shaker for 6 minutes and platelet 
counts were then performed on whole blood by the method of Tocantins (10) 

table in 


Effect of potassium oxalate on the action of sedormid on the platelets of patients who have 

recovered from sedormid purpura 


Patient 

Date 

Volume of 1 6% 
potassium oxalate 
per 1 0 ml blood. 

Platelet count on 
plasma after 6 hours 
expressed as 
platelets per c.mm. 
of whole blood 

% loss of 
free 

platelets 

Without 

sedormid 

With anti 
coagulant 
solution 
saturated 
with 
sedormid 

Casa I 

30 10 47 

0 126 ml 

416,000 


80 

(NH) 

29 1 48 


010,000 


00 1 


21 10 47 

0 26 ml 

360,000 

104,000 







HHKII 


30 10 47 


444,000 

04,000 

rums 


30 10 47 

0 5 ml 

430,000 

104,000 

66 


11 11 47 

10 0 ml 

311,000 

310,000 

Nil 


13 1 48 


360,000 

389,000 

Nil 


0 1 48 

10 0 ml (0 126 ml oxalate 

328,000 


89) 


0 1 48 

diluted to 10 0 ml with 

333,000 

m nr i « 

1 no 


13 1 48 

saline) 

400,000 

IB i 9 



3 2 48 


390,000 


78j 

Case H 

10 1 48 

0 126 ml 

306,000 


87) 

(H.B ) 







7 2 48 


488,000 

Pimm™ 

95 J 


10 1 48 

10 0 ml 


30G.000 

10) 0 


17 1 48 



383,000 

8) U 


17 1 48 

10 0 ml (0 125 ml oxalate 

377,000 


761 



diluted to 10 0 ml with 



V 82 


7 2 48 

saline) 

396,000 


88 J 
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TABLE IV 


Effect of heparin on the action of sedormid on the platelets of patients who have recovered from 

scdormid purpura 





Platelet count on 
plasma after 6 hours, 



1 



expressed as 
platelets per c.mm 





Volume and number of 

of whole blood 

% loss of 

Patient 

Date 

units of hepann in 










saline per 1 0 ml blood 


With anti 

platelets 


l 

Without 

coagulant 

solution 







8edorntid 

saturated 

with 

sedormid 



Caso I 
(NH) 

30 10 47 

0 05 ml (8 units) 

483,000 

72,000 

85 







17 12 47 

0 1 ml (8 units) 

500,000 

140,000 

72) 



21 1 48 


543,000 

52,000 

40 000 

00 

■ 84 


2 3 48 


470,000 

00 J 



0 1 48 

0 1 ml (80 units) 

335,000 

348,000 

Nil 



13 1 48 


364,000 

380 000 

Nil 



17 12 47 

0 5 ml (8 units) 

504,000 

103,000 

02) 

74 


21 1 48 


510,000 

74,000 

85 j 


0 1 48 

10 0 ml (80 units) 

374,000 

348,000 

7 


13 1 48 

10 0 ml (160 units) 

342,000 

377,000 

Nil 


10 12 47 

10 0 ml (800 units) 

284 000 

278,000 

2 



21 1 48 


305 000 

371,000 

Nil 



21 1 48 

10 0 ml (8 units) 

304,000 

116,000 

71 

J 


21 1 48 


435,000 

104,000 

70 

^ 70 


21 1 48 


412,000 

81,000 

80 

f 

Case II 

24 1 48 1 

0 1 ml (8 units) 

307,000 

26,000 

03) 

i 04 

(1LB ) 

27 2 48 


360,000 

20,000 

04) 


10 1 48 

0 1 ml (16 units) 

302,000 

16,000 

95 


17 148 

0 1 ml (80 units) 

400 000 

Platelets 
numerous 
but agglu 

1 

| 






tination 







too great 
to permit 
counting 

j 



24 1 48 


374 000 

Ditto 




10 1 48 

10 0 ml (800 units) 

331,000 

273 000 

18] 

i 12 


24 1 48 


300,000 

342,000 

5) 


j 24 1 48 

10 0 ml (8 units) 

200,000 

62,000 

82 



J 17 1 48 

10 0 ml (16 units) 

342,000 

64,000 

i 81 
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referred to above The results of these investigations are shown m Table V 
Platelet agglutination in these preparations was too slight to cause senous 
errors m counting, and it seemed that the vigorous mixing combmed with the 
tendency, already commented on, for the agglutinated platelets to free 
themselves, had caused separation of most of the surviving platelets 
When small quantities of citrate, oxalate or heparin were used it was 
found that although the counts m the sedormid preparations were higher 
by Tocantins’ method than by the Gram-Thomsen method, the counts, as 
compared with those of blood diluted with the anticoagulant alone, were 
still considerably lowered This reduction m the platelet count was taken 
as an indication of the degree of platelet Ijsis by sedormid in these 
preparations When the same quantities of these anticoagulants were diluted 


TABLE V 

Comparison of the percentage loss of free platelets with the percentage lysis of platelets by sedormid 
m blood from two patients who have recovered from sedormid purpura 


Patient 

Date 

Volume of anticoagulant 
per 1 0 ml blood 

% loss of 
free 

platelets 
after 6 hours 

* 

% lysis of 
platelets 
after 

5 hours 

t 

N.H 

29 1 48 

0 075 ml. 3 2% sodium citrate 

06 

38 

MB 

7 2 48 


04 

32 

NH 

20 1 48 

0 126 ml 10% potassium oxalate 

06 

70 

MB 

7 2 48 


95 

40 

NH 

2 3 48 

8 units heparin in 01 ml saline 

90 

52 

MB 

27 2 48 


94 

40 

N.H 

3 2 48 

0 075 ml citrate diluted to 10 0 ml 
with saline 

79 

6 

MB 

7 2 48 


82 

12 

NH 

3 2 48 

0 125 ml oxalate diluted to 10 0 ml 
with saline 

78 

Nil 

MB 

7 2 48 


88 

i 

Nil 


* Calculated by deduct ing the platelet counts m the sedormid preparations, a9 estimated 
bvthe Gram Thomsen method, from the counts in the preparations which chdnot contain sedormid, 
and express ing the figure obtained as a percentage of the latter 

■f Calculated m the same way as the percentage loss of free platelets , the platelet counts 
being performed on the same preparations by the method of Tocantins after the blood had been 
mixed in a mechanical shaker 
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to 10 0 ml with saline and 1 0 ml of blood was added, it will be remembered 
that sedormid caused a considerable reduction in the platelet count performed 
by the Gram-Thomsen method This, however, must have been due almost 
entirely to agglutination of platelets with very httlo lysis, for the counts on 
whole blood after shaking were not significantly reduced m the sedormid 
preparations as compared with those which did not contain the drug 

Tins result was surprising and raised the problem uliether the 
sedimentation of the platelets was due to agglutination alone or whether it 
was due also to some change m the plasma winch permitted an abnormally 
rapid sedimentation of platelets The answer to this problem was supplied 
by the observation that if these preparations were allowed to stand again 
for a further 5 hours after bemg mixed and the platelet counts repeated by 
the Gram-Thomsen method, then the platelets remained in suspension in 
both preparations and in consequence the difference between the counts m the 
sedormid preparations and those containing the anticoagulant alone, was very 
greatly reduced (sec Table VI) It was therefore concluded that the sedimenta- 
tion of platelets was due to platelet agglutination and not to any change in the 
plasma These experimental results show m addition, that although dilution 
of blood m the proportion of 10 0 ml of diluent to 1 0 ml of blood does not 
prevent agglutination it does, to a very large extent, prevent the lysis of 
platelets by sedormid that occurs m preparations in which the blood is only 
slightly diluted 

The quantitative estimation of platelet lysis by sedormid 
Although the use of Tocantins’ method of platelet counting provides a 
rough estimate of platelet lysis it was clearly desirable to have a more 
accurate technique The above experiments indicated that the best results 

TABLE VI 


Table showing that the loss of free platelets caused by sedormid in highly diluted specimens of blood 
is due mainly to agglutination and not to lysis of platelets or to any change in the plasma causing 

rapid sedimentation of platelets 


Pat lent 

Volume of anticoagulant per 1*0 ml blood 

Percentage loss of free 
platelets by the 

Gram Thomsen method * 

Before mixing After mixing 

SH 

! 0 075 ml 3 2% sodium citrate made up to 

| 10 0 ml with saline 

< 00 

9 

MB 

1 

83 

i 

12 

XH 

0 125 ml 1 G% potassium oxalate made up to 

10 0 ml with Bn line 

03 

21 

MB 


00 

Xil 


* For method of calculation see Tabic V The tubes were left undisturbed for 5 hours and 
then counted Each tube was subsequently mixed for 5 m mutes and then allowed to stand for 
a further 5 hours after which the platelets were counted again. 
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would be obtained when very small amounts of anticoagulant were used and 
when dilution of the blood was kept to a minimum, even though this entailed 
the use of very small quantities of sedorxmd The following method was 
found to be the most satisfactory of those which were tried 

10 0 ml of blood is transferred in an oiled synnge to a waxed tube 
containmg 80 units of heparin m 0 5 ml of saline The tube is closed with a 
waxed cork, rapidly mixed by inversion, and then centrifuged at 2,600 r p m 
for about 00 seconds 1 0 ml of the supernatant platelet-rich plasma is 
transferred with a waxed pipette to each of two further waxed tubes, one 
containing 0 1 ml of saline and the other 0 1 ml of a saturated solution of 
sedormid m saline The tubes are closed with waxed corks and their contents 
mixed by repeated inversion The tubes are then left on the bench for not 
less than 6 horns By this time the platelets in the sedormid preparations 
will have undergone marked agglutination and will show very gross 
morphological changes The majority of the platelets will however stdl be 
detectable as “ ghost ” forms and it has been found very much easier to 
demonstrate the reduction m the number of platelets m the sedormid 
containing preparation if the tubeB are allowed to stand over night and the 
platelets are counted on the following day In order to delay the normal 
tendency of platelets to undergo disintegration m such preparations 0 1 ml 
of Liquemm (Roche) is added to each preparation when it has been stood 
for 5 hours after being set up Before the platelets are counted the two tubes 
are repeatedly inverted to ensure adequate mixing The plasma is then 
diluted 1 100 with isotonic sodium citrate, mixed for 6 mmutes in a 
mechanical shaker and then transferred to a hiemocytometer chamber 
The platelets are counted 20 mmutes later by winch time they will have 
settled to the bottom of the chamber The lysis of platelets by sedormid 
does not appear to be any greater if the preparations are incubated at 37°C 
and this procedure has the great disadvantage that a small clot sometimes 
appears m the incubated specimens 

Platelet lysis by sedormid was estimated in this way in Cases I and II 
and the results are given in Table Vii The platelets in the control prepara- 
tions, which did not contain sedormid, were readily visible m the counting 
chamber as small highly retractile bodies In the preparations winch con- 
tamed sedormid there were virtually no normal platelets There were, 
however, small ill-defined bodies and larger clumps of material which were 
probably the remains of mcompletely lysed platelets and platelet 
agglutmates In the counts which were made on these preparations, any- 
thing which could conceivably be called a platelet has been included m the 
count and for this reason the results given in Table VII are probably an 
underestimate of the degree of lysis of platelets caused by sedormid m the 
blood of these patients 
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TABLE YU 


Lysis of platelets by scdormxd tn hepanntsed plasma of patients who have recovered from 

sedormid purpura 


Patient 

, 

No of determinations for each experiment 

Platelet counts per c mm 
plasma 

With sahno 
added 

With sedormid 
in saline added 

Cnso I 
(SHI | 

3 

010,000 1 

| 

1 

310,000 

Casa II 1 
(MB) 

, 

3 

1 

260,000 

1 

42,000 


The minimum concentration of sedormid required to came a reduction tn 
the number of free platelets tn the plasma 
Tlus was estimated in Case IT, the platelet counts after 6 hours being 
performed by the Gram-Thomsen method The count when 10 0 ml of 
blood was diluted with 0 75 ml of 3 2% sodium citrate was compared with 
that obtamed when equal volumes of blood wore diluted with 0 75 ml of a 
saturated solution of sedormid in citrate and with 0 75 ml of each of a senes 
of different dilutions of a saturated solution of sedormid m citrate prepared 

TABLE Yin 


The effect of lowering the concentration of sedormid on its power to reduce clot retraction and 
the number of free platelets in the blood of a patient {Case II (M.B )) who has recovered from 

sedormid purpura 


Solution used to 
dilute blood 
(0 70 ml dduent to 

10 0 ml blood) 

; 

Platelet count on 
plasma after 6 hours 
expressed as platelets 
per emm of whole 

blood : 

Clot retraction % when 
blood clotted with 0 G ml 

1 0% calcium chloride 

I 


. 


No of 
expts 1 



3 2% sodium eitmtc 


1 370,000 

f 

o 

i 

63 

Saturated solution of sedormid 
in 3 2°o sodium citrate = A 

34,000 

1 

o 

' “ ; 

u 

Solution A diluted 1 
citrate 

2 with 

28,000 


— 

Solution A diluted 1 
citrate 

5 with j 

i 

67,000 

1 

o 

! 

39 

Solution A diluted 1 
citrate 

10 with j 

j 160 000 

1 j 

2 1 

60 

Solution A diluted 1 
citrate 

SO with ! 

i 

300,000 

i 

— 1 

1 

— 

Solution A diluted 1 
citrate 

100 with 

1 3SO.OOO ! 

— 

! 

— 
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by adding sodium citrate to the saturated sedormid solution Several of 
these preparations were subsequently clotted with isotonic (1 18%) calcium 
cblonde and the clot retraction estimated The results of these experiments 
are given m Table VIII from which it will be seen that a significant reduction 
m the number of free platelets m the plasma is produced by a dilution of 
between 1 10 and 1 60 and a significant reduction in clot retraction by a 
dilution between 1 6 and 1 10 A dilution of 1 10 represents a final 
concentration of sedormid of 000017% Thisis approximately a sixth of the 
concentration of sedormid (0 001%) that would be found m the body 
if a dose of two tablets (0 6 gram) of Bedonmd was distributed through the 
total mtra- and extra-cellular body fluid which m a normal adult has a 
volume of about 49 litres (7) It has previously been shown (1) that a reduc- 
tion of clot retraction by a solution of sedormid in saline m the same patient 
can be produced by a concentration of 0 0006% and it was then 
concluded that smce the reduction in clot retraction waB probably due to an 
action of sedormid on the platelets, a deleterious effect on the platelets might 
well be produced m these patients by therapeutic doses of the drug It is 
clear from the experiments just reported that this conclusion was entirely 
justified 

Reduction m number of free •platelets in plasma by substances chemically 

related to sedormid 

In an endeavour to discover which components of the sedormid molecule 
are principally ooncemed m causing the phenomena of sedormid hyper- 
sensitivity, the action of a senes of chemioally related substances on the 
platelets of sensitised individuals was investigated This was done by making 
saturated solutions of the different substances by boiling them with 3 2% 
sodium citrate, allowing the solutions to stand overnight, and then filtering 
The solutions were then diluted with 3 2% sodium oitrate to a final concentra- 
tion approximating to that of a saturated solution of sedormid m 3 2% 
sodium citrate (0 026%) 10 0 ml of blood was mixed with 0 76 ml 

of each solution in waxed tubes and the platelet counts by the Gram-Thomsen 
method performed 6 hours later were compared with that of 10 0 ml of blood 
mixed with 0 76 ml of citrate alone The results of these investigations, 
which were performed on Oases I and II, are shown in Table IX, which 
also gives the structural formulae of the various chemicals investigated 
Sedormid (allyl-isopropyl-acetyl-carbamide) consists of a molecule of acetyl- 
carbamide to the acetyl radicle of which two simple alkyl side chains (allyl 
and isopropyl) are attached The sensitivity of the platelets to the parent 
substance, acetyl-carbamide, was first investigated As this substance 
caused no reduction m the number of free platelets m the plasma of either 
patient, the effect of the two alkyl side chains when these are attached to a 
somewhat dissimilar, though chemically related, substance namely barbituric 
acid (malonyl-carbamide) was mvestigated This substance (allyl-isopropyl- 
malonyl-carbamide) also failed to cause a reduction in the number of free 



Action of stdormtd and chemically related substances tn reducing the number of free platelets tn the 
plasma of patients who have recovered from aedormid purpura 



Allyl Scdonnld /CJH(OH a ) a 0 02G% 2 10 4 40 30,000 13 1 10 30,000 

Inopropyl /Nil— CO— CH 

acetyl 0 = 0 \CH a CH CH a 

cnrlmmido \NH a 
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platelets in the plasma of either of the patients examined However, with 
adalm, in which the two alkyl side chams of the sedomnd molecule are 
replaced by ethyl groups (and, incidentally, the remaining hydrogen atom 
with bromine) and which has no effect on the platelets of individuals not 
sensitive to sedormid (see Table X), a considerable reduction m the platelet 
count was ohtamed in both patients hut with bromural, m which the 
isopropyl side chain of the original sedormid moleoule is retamed and the 
other side chain is replaced with an atom of bromine, no effect on the platelets 
was observed It is possible that a very shght reaction will sometimes be 
obtamed with this substance because on a former occasion it caused a shght 
reduction in dot retraction m Case I (X H ) (1) although it failed to do so 

TABLE X 


Effect cm the platelet count of the addition of adaltn to the blood of patients who were not 

hypersensitive to sedormid 


Patient 

Diagnosis 

Platelet count on plasma after 

6 hours, expressed as platelets 
per c.rum of whole blood (blood 
citrated m proportion 10 0 ml. 
blood to 0 76 ml citrate solution) 



Citrate 

Adalm in citrate 

AV 

1 

Htemolytic antomia 12 days after 
splenectomy 

880,000 

880,000 

CO 

Hypertension 

370,000 

390,000 

S.E 

Ulcerative colitis 

420,000 

430,000 

B 0 

Chorea 

320,000 

320,000 

WH 

Gaatno ulcer 

630,000 

660,000 

GW 

Gastric ulcer 

620,000 

400,000 

EP 

Carcinoma of bronchus 

390,000 

400,000 

MC 

Hypertensive heart failure 

200,000 i 

270,000 


2 years later when the present senes of experiments was performed * It was 
therefore concluded that neither the parent substance, acetyl-carbamide, 
nor the two side chams when attached to another radicle could precipitate 
the hypersensitivity reaction, and moreover it appeared that although the 
presence of one alkyl side cham attached to the actyl radicle of acetyl- 
carbamide may occasionally be sufficient to produce a very shght effect on 
the platelets, before any marked effect can be produced, two side chams are 
required They need not, however, be identical with those of sedomnd 

* The results on this occasion were as follows (each figure is the mean of 4 determinations) 
2 0 ml- blood 4- 0 6 ml saline — Clot retraction =71% 

2 0 ml. blood 0 5 mL 0 04% bromural xn salme — Clot retraction = 73% 
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Discussion 

The cause of thrombocytopenia m sedonmd purpura has been the subject 
of much speculation, reviewed previously (1) Two possible mechanisms 
have been suggested, namely that the thrombocytopenia is due to an action 
of sedormid on the megakaryocytes, causing an arrest of platelet production 
by these cells, or that the drug acts m some way on the platelets m the peri- 
pheral blood If it is accepted that platelets are formed by the budding 
off of portions of the cytoplasm of megakaryocytes then it seems likely that 
both these mechanisms must be involved for it is difficult to conceive that 
the process by which the platelet count is reduced could be so specific that it 
could affect either the platelets or the megakaryocytes alone 

Experimental evidence of either of these mechanisms has proved 
difficult to obtain Examination of the bone marrow has revealed only 
mconstant and relatively shght changes m the megakaryocytes These 
changes are not sufficient to prove an action of sedormid on these cells 
although, as several authors have pointed out, it is possible that they may 
indicate an inhibition of platelet formation by the megakaryocytes 
Moesohhn (8) attempted to demonstrate a circulating thrombooytolysm by 
transfusing blood, on two occasions, from a patient with thrombocytopenic 
purpura due to sedormid to a normal individual He found no significant 
change in the platelet count of the recipient on either occasion and therefore 
concluded that there was no tlirombocytolysm m the blood of these patients 

It has been shown previously that sedormid reduces clot retraction 
m the blood of patients who have recovered from Bedormid purpura (1) 
This reduction was later shown to be due to an abnormally rapid lysis of 
platelets by sedormid during coagulation (2) These findings suggested 
that the thrombocytopenia in sedormid purpura ib probably due to the action 
of a tlirombocytolysm, although the first attempts to demonstrate a lysm by 
adding sedonmd to the hlood of such patients m the presence of an excess 
of sodium citrate had failed because, while sedonmd caused agglutination 
of platelets m the blood of some of these patients, the large amounts of 
anticoagulant used prevented platelet lysis The expenments reported here, 
however, show conclusively that sedormid does cause lysis of platelets and, 
moreover, that a reduction m the number of free platelets m the plasma can 
be produced in vitro by concentrations of the same order, if not smaller, 
than would be expected to occur m the blood from the administration of 
therapeutic doses of the drug Furthermore, it has been shown (2) that the 
abnormally rapid lysis of platelets that occurs when the blood of these 
patients is allowed to clot in the presence of sedonmd ib due to the action of 
some factor m the plasma and is not due to any pecukanty of the platelets 
themselves If, as seems probable, these findings are applicable to fluid 
blood and not only to clotting blood, then it seems clear that, although 
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sedormid may well have some effect on the megakaryocytes, the thrombo- 
cytopenia must be due, m large measure, to the presence of a circulating 
thrombooytolysin which is activated in some way by sedormid 

The apphcation of sedormid to the skin of sensitised patients causes a 
great increase in capillary fragility and the development of haemorrhages 
m the area to which the drug is apphed (1) This happens m the absence of 
any significant fall in the platelet count It seems improbable that this 
capillary lesion could be due to a local destruction of platelets because a 
supply of fresh platelets would continually he arriving m the blood stream to 
replace those that had undergone lysis and, moreover, thrombocytopenia 
by itself is generally considered to be insufficient to cause purpura It also 
seems improbable that the haemorrhages could be due to an action of sedormid 
on the tissue cells as there was no hyperaemia or wheal formation to suggest 
the release of histamine which usually follows cellular injury The most 
hkely explanation appears to be that sedormid has an effect on the capillaries 
themselves This concept imphes a close antigemo relationship between 
platelets and the capillary endothehum if it is to he postulated that both 
can he acted upon by the same lytic factor Bedson has produced evidence 
of such an antigenic relationship He found (3) that antiplatelet serum, m 
addition to destroying the platelets of guinea pigs, also damaged the 
endothehum of the oapillanes of these animals and that after the administra- 
tion of antiplatelet serum “ the endothehum appears swollen and 
CBdematous, the cells standing off the vessel wall ” In a later paper, the 
same author (4) stated that it was possible so to grade the dose of antiplatelet 
serum m rabbits that the platelets could be completely destroyed without 
vascular damage bemg caused and consequently, without the occurrence of 
purpura but that if a larger dose of serum was given then the capillary 
endothehum was also attacked and haemorrhages developed 

Stthmaey 

1 Sedormid causes agglutination and subsequently, lysis of platelets 
m the blood of patients who have recovered from sedormid purpura This 
effect can be demonstrated m citrated, oxalated, or hepanmsed blood It 
is inhibited by the use of excessive amounts of anticoagulants but is readily 
demonstrated if the concentration of anticoagulant is kept to a minimum 
Sedormid has no effect on platelets m the blood of controls 

2 Dilution of the blood with ten times its volume of saline almost 
completely abohshes platelet lysis hut does not reduce platelet agglutination 

3 The concentration of sedormid required to produce platelet 
agglutination and lysis is of the same order or less than that which would be 
expected to occur m the body as a result of the administration of therapeutic 
doses of the drug 
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4 Tlie sedormid molecule consists of a molecule of acetyl-carbamide 
to the acetyl radicle of which two alkyl side chains are attached Neither 
the parent substance, acetyl-carbamide, itself, nor the two side chains when 
attached to another radicle show any effect on the platelets Substitution 
of one side chain with an atom of bromine m the sedormid molecule practic- 
ally abohshes the effect on the platelets but if the two side chains are replaced 
by two ethyl groups the action on the platelets is preserved to a considerable 
extent It therefore appears that before any marked effect on the platelets can 
be produced two alkyl side chams must be attached to the acetyl radicle of 
acetyl-carbamide but that they need not be identical with those of sedormid 

5 It is concluded that the blood of patients who have recovered from 
sedormid purpura contains a substance which, in the presence of sedormid, 
can cause lysis of platelets and that this thxombocytolysm is responsible for 
the thrombocytopenia that occurs m sedormid purpura It is suggested 
that the capillary lesion m sedormid purpura may be due to an action of 
this same lysm on the capillary endothelial cells 
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Fig 1 Agglutination of platelets b } 6edormid m Leishman stained films of titrated blood 
from Case II (MB) 

(a) 10 0 ml of blood -f~ 0 75 ml of 3 2% sodium citrate Xo platelet agglutination 

(b) 10 0 ml of blood -J- 0 75 ml of a saturated solution of sedoimid in 3 2% sodium 
citrate Marked platelet agglutination 



Fig 2 Clearing of plasma as a result of 
agglutination and Ij sir of platelets b> scdormid 
in blood from Case II (M B ) The blood lias 
been allowed to stand for 5 hours before being 
photographed against a dilute screen across 
winch two black lmcs had l>een drawn 

(a) 10 0 ml of blood -p 0 75 ml of 3 2% 
sodium citrate Plasma shows noimal opales 
cence and is opaque 

(b) 10 0 ml of blood -r- 0 77 ml of a 
saturated solution of Redormitl ui 3 2% sodium 
citrate Plasma is clear and transparent 



THE MECHANISM OF PLEURAL AND ASCITIC EFFUSIONS, 
WITH A SUGGESTED METHOD FOR THE INDIRECT 
ESTIMATION OF PORTAL VENOUS PRESSURE 




By A H JAMES * 

( From the Medical Unit, St Mary's Hospital Medical School, London ) 

Introduction 

When an effusion of fluid, either ascitic or pleural, is discovered, it can 
generally he attributed to one, or possibly more than one, of a small number 
of general mechanisms, namely, venous congestion, either local or systemio, 
inflammation or caromomatosis of the serous cavity concerned, hypo- 
protciniemia or obstruction of lymphatics 

But sometimes there is no mdependent cluneal evidence for any of 
these mechanisms , for example, ascites may he the only manifestation of 
portal obstruction In other instances, the diagnosis being known, the 
mechanism of the effusion remains m doubt For example, a pleural 
effusion in a patient with tuberculous polyserositis may be due either to 
venouB congestion resultmg from pericardial involvement, or to tuberculous 
pleurisy (1) , or again, ascites may be caused in a patient with carcinoma 
by carcinomatosis of the peritoneum or by pressure of an enlarged lymph 
node on the portal vein (23) 

Nor is it only m individual cases that the mechamsm of an effusion is 
sometimes uncertain , thus it is still debated whether the ascites which 
often accompanies cirrhosis of the liver results mainly from portal 
obstruction, liypoprotemaemia, or from water and salt retention (13, 28) 

The general causes of effusions listed above may all be regarded as 
disturbances of the equilibrium of hydrostatic and colloid osmotic forces 
which was shown by Starling (31) to exist between intravascular and tissue 
fluid, and which might be expected to exist also between the blood and 
pleural or ascitic fluid This paper describes an attempt to throw light on 
the mechanisms of effusions by measurement of the component forces of 
such an equilibrium 

* I acknowledge with gratitude my indebtedness to the members of the Honorary Staff 
of this hospital and to Professor H P Hhnsworth, Drs E E Pochm, C G Barnes, A. R 
Hnmson, and R D Green Hr Vernon Thompson and Sir Holmes Sellors, for allowing me to 
main observations on patient sunder their core , also to Professor W D Newcomb for pathological 
reports, to Hr P Armitage for advice m the choice of statistical methods, and especially to 
Professor G W Picketing, at whose suggestion this work was done, for much helpful advice and 
criticism. 
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Three of the four desired measurements, namely the effusion fluid 
pressure, and the colloidal osmotic pressures of plasma and effusion fluid 
' can readily be made There remams the pressure m the capillaries with 
which the effusion is in equilibrium, which cannot he determined directly 
Instead, the systemic venous pressure has been measured, as bemg a quantity 
which will, with certain exceptions, bear an approximately quantitative 
relation to capillary pressure (17) Consideration of the results of such 
measurements leads to the conclusions that the faotors causing the 
maintenance of serous effusions are similar to those identified by Starhng 
as responsible for tissue fluid formation and absorption, and that portal 
obstruction is the predominant cause of ascites associated with cirrhosis of 
the liver Analysis of the fluid protein levels reveals their dependence on 
two factors, namely the plasma albumin level, and on the nature of the 
disease causing the effusion , considerable modification of the traditional 
division of effusions into exudates and transudates ib found to be necessary 
Finally, the significance of the low plasma protein levels found m patients 
with effusions is discussed 


Methods 

Determination of venous 'pressure — effusion fluid pressure difference 

Venous and effusion fluid pressure -were determined simultaneously, the 
manometer tubes being fixed vertically on either side of a centimeter scale 
The sternal angle was chosen as the anatomical pomt of reference, and its 
position on the scale determined with a spint level, the pressures referred 
to this pomt bemg obtained by subtraction 

The venous pressure was determined by connecting a citrate manometer 
to an antecubital vein , care was taken that the arm was not in contact 
with the chest, as such a position produced an erroneously high reading, 
and that it lay below the sternal angle In 25 patients m whom there was 
no evidence of congestive failure, the venous pressures so recorded varied 
from 5 5 cm above to 4 0 cm below the sternal angle, with a mean of 
+ 0 075 cm In three patients (Cases 2, 31 and 36) it was not possible to 
make a direct measurement of the venous pressure, and the level of filling 
and pulsation of the neck veins was used instead (18) 

The effusion pressure was measured by connecting a simple manometer 
tube to the instrument used for paracentesis, and allowing the fluid to 
reach a level m it This level varied with respiration to an extent depending 
on the size of the cannula or needle used , the mean position between the 
extremes of respiratory variation was taken as the effusion pressure This 
pressure was also referred to the sternal angle as a purely arbitrary point 
of reference, since it was pnmardy desired to compare venous and effusion 
pressures rather than to dete rmin e their absolute values The choice of 
an antomical pomt of reference more or less remote from the effusion, while 
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it makes the pressure recorded independent of the site of paracentesis, lias 
tho consequence that the pressure will be affected by alterations of posture 
The pleural effusions were all tapped with the patient sittmg upright and 
leaning shghtly foru ards , the abdominal paracenteses u ere performed 
with the patient lying on lus back with Ins head and shoulders raised on 
three or four pillows, no attempt being made to standardize more exactly 
the angle at winch the patient lay 

In a patient of average size, an alteration of posture from sitting upright 
to lying flat alters the height of the sternal angle relative to tho centre of 
an ascitic effusion by about 30 cm , it might be anticipated, however, 
that the ascitic pressure Mould not increase by this theoretical amount 
when the patient hes down, because the liver and other viscera Mould no 
longer be compressing the effusion to the same extent In order to estimate 
the error m the determination of venous pressure-effusion pressure difference 
that Mas introduced by variations m posture from ease to case, measurements 
of venous and offusion fluid pressure in different postures were made m 
three patients with ascites, one with a pleural effusion and one Math a large 
ovarian cyst (the latter not being otherwise described m tins paper) In 
none of the 5 patients did alteration in posture produce a consistent effect 
on venous pressure In the three patients Math ascites, the change from 

TABLE I 

Shows the venous pressure effusion fluid pressure difference {an of water , venous pressure 
ahoic effusion pressure taken as positive ) in different postures in three patients with 
ascites, one with a pleural effusion, and one with an ovarian cyst 



Ascites 

| 

Pleural 1 

effusion 

Chanan 

CJSt 

Upright 

—1 0 

— 3 5 

+9 5 

+56 

—70 

Semi recumbent 

—1 0 

—40 

-f- 1 5 I 

+7 5 

—8 5 

Flat 

+13 

—5 0 | 

+15 

! 

— 

—11 5 


upright to flat caused a rise m ascitic pressure relative to the sternal angle 
varying from 1 0 to SO cm of water In Table I are shovoi the venous- 
ascitic pressure differences m each patient in the different postures The 
standard deviation of the individual estimations about the meajrlfor each 
patient was 1 9G cm , making the possible error in venoim-dnud pressure 
differences ±40 cm over the range of postures desenb^; a greater range 
than that encountered during the mam part of the^ffVestigation Onty a 
small part of the horizontal scatter of the points in^ig S 2 and 4 can therefore 
be asenbed to venations in the position of tlj^mtients 








294 


A H JAMES 


Proletn estimation 

Blood for protein estimation was taken into potassium oxalate, usually from the needle 
used for venous pressure determination, the first few ml being discarded owing to possible 
admixture with citrate Except for the last 9 observations, in which a standard concentration 
of 0 08 mg of pot oxalate per mL blood was used, the quantity of oxalate used was not measured 
This omission has introduced a variable systematio error into the estimation of the plasma 
proteins because it is known (26) that the addition of pot oxalate to blood dilutes the plasma 
protems by withdrawing protein free fluid from the red cells To estimate the magnitude of 
the error so introduced, aliquots from two samples of heparinized blood were mixed with 
different quantities of oxalate and centrifuged after a standard period Tbe magnitude of the 
dilution produced is shown in Table II 

TABLE H 


Effect of potassium oxalate on plasma protein 


Concentration of potassium oxalate nig per 
ml 

0 

' 1 

2 

6 

| 20 

Plasma A. Total protein g per 100 ml 

7 40 

7 32 

— 

6 78 

6 10 

Plasma B Total protein g per 100 ml 

7 60 

— 

7 10 

6 73 

— 

Haemolysis 

0 

0 

± 

+ 

-H- 


With concentrations of potassium oxalate m blood exceeding 6 mg per ml , visible 
hsemolysis was produced, and t his was not present in plasma used in the determinations 
recorded in this paper The concentration of oxalate used in most observations probably lay 
between 2 and 3 mgm /ml , which causes dilution of the order of 6% This is in agreement 
with the findings of Peters, Eiscnman and Bulger (26), who showed that 0 2% of potassium 
oxalate (2 mg per ml ) produced a mean dilution of 6 3% in three Bamples of plasma 

In one experiment in which two pairs of samples of heparinized blood were left m contact 
with 2 and 6 mg/ml of oxalate for 6 minutes and 2 hours respectively before centrifuging, the 
dilutions produced bv 2 mg per ml were 6 6 and 6 6% respectively, and by 6 mg per ml 114 
and 10 9% There was, therefore, no evidence that, wit Inn the limits of the delay sometimes 
incurred during this investigation, the time elapsing before the blood was centrifuged affected 
the plasma protein concentration. No correction for dilution by oxalate has been applied to 
the plasma protein levela herein recorded 

For estimation of protein in effusion fluid, a sample was taken into oxalate immediately 
before drainage of the fluid was begun 

In all the observations on ascites, and in 11 of the 17 on pleural effusions, the albumin and 
globulin content of plasma and fluid were determined by the micro Kjeldahl method, globulin 
being separated by the method of Howe (14) In the first 6 observations on pleural effusions 
(Cases 3, 6, 6, 7, 10, 12) the protems were determined colonmetncally, using Fohn and Ciocalteu’s 
reagent (10) The digestion mixture used was 1 ml of concentrated sulphuric acid, 0 6-1 0 g 
of potassium sulphate, 10-16 mg of copper sulphate and about 1 mg of selenium For the 
t ung stio acid filtrates, 2 ml of sulphuric acid were used, and potassium sulphate was not added 
to the sodium sulphate filtrate The mixtures were digested on gas burners until clearing had 
taken place, and acid was condensing from the neck of the flask, the whole process being complete 
m 16-20 minutes To determine whether digestion was complete m such a period, two samples 
of plasma, one of ascitic fluid, and one of sodium sulphate filtrate from plasma were digested for 
varying tunes The results are shown in Table IH There is no evidence from these figures 
that digestion for as long as 7 hours significantly affects the nitrogen estimation, as compared 
with digestion of mi nima l duration In two samples of plasma, the total protein was determined 
oth by the micro Kjeldahl and by the gravimetric method (11) The results are as follows 

Micr o Kjeldahl Gravimetric 

..Sample A g per 100 ml 7 03 6 91 

pie B g per 100 mL 111 7 04 

From tIiG\.protem levels so obtained, the colloid osmotic pressures of 
plasma and fluiclWrere calculated and expressed as cm of water 

Tbe imperfect agreement between different authors (8, 9, 34, 36) as to 
tbe relation between albumin and globulin concentrations and colloid osmotic 

pressure is reviewed by HigP’ns, Kelsall, O’Brien, Stewart and Witts (13) 

mce m 
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Tho three formula; of these various authors are derived from observations 
of tho colloid osmotic pressure of samples of plasma whose albumin and 
globulin content had been determined by methods similar to those used in 
this investigation It is hero desired, houever, to use the formula also for 
tho estimation of colloid osmotic pressure from tho generally much lower 
concentrations of protein found m effusion fluids, and such an extension of 
the original purpose of these formulae may lead to erroneous results , Binco 
it has to be assumed that they are apphcable to a range of protein 
concentrations lover than that from which they are derived, and also that 
the osmotic pressures per gramme of the protein fractions in effusion fluid 
aro identical with those of plasma proteins A formula is hero needed 
v Inch relates most accurately colloid osmotic pressure and protom 
concentration over a range which includes low values 

TABLE in 


Effect of digestion time on estimation of total protein (g per 100 ml ) 


Time of digestion 

Pin min A j 

Plasma B 

Ascitic fluid 

22% sod 
sulphato 
filtrate 

Until clear 

0 47 

7 26 

3 84 

4 17 

1 hour 

— 

— 

3 00 

— 

2 hours 


— 

3 70 

— 

4 hours 

G 40 j 

7 26 

1 


4 25 

7 hours 

I 

i 

3 00 

— 


The equation of Wies and Peters (36) seemed unsuitable in that it gave 
negatno osmotic pressures for effusion fluids with low protein content 
Both Wies and Peters, and Wells, Youmans and Miller (34) seem to be 
agreed that osmotic pressures estimated by Govaerts’ (8) formula are too 
high, and at low A/G ratios, Govaerts’ own formula seems to give a higher 
estimate than Ins observations would lead one to expect (9) Thus m his 
scatter diagram showing the relation between osmotic pressure per gramme 
protein, and A/G ratio, 6/7 of the points representing A/G ratios less than 
0 75 he below his theoretical curve Because it seemed to satisfy the above- 
mentioned conditions most adequately, the formula of Wells, Youmans and 
Miller (34), namely 

OP = (0 59 A + 2 14)C 

(where OP is the osmotic pressure m cm of water, A, albumin, and C, total 
protein in g per 100 ml ) has been used in this investigation 

Patients studied 

Observations were made on seventeen patients with pleural effusions due to congestive 
failure (5) constnctivc pericarditis (2) carcinomatosis (51 and presumed tuberculosis (61 
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The evidence for the diagnosis m each case was as follows — 

Heart failure All had venous congestion, dependent oedema and enlargement of the 
heart The heart disease was caused by rheumatic carditis with mitral stenosis and auricular 
fibrillation (Case 1), aortic regurgitation due to bicuspid aortic valve discovered at post mortem 
(Case 2), myocardial infarction (Cases 3 and 4), and hypertension (Case 5) 

Constrictive pencardttts Constrictive pericarditis was confirmed at operation in Case 6 
and post mortem in Case 7 Peritoneal tubercles had been seen by peritoneoscopy in Case 0, 
but thoracoscopy revealed no evidence of tuberculous pleurisy At post mortem examination 
of Case 7, all the serous cavities showed tuberculous inflammation In neither patient were 
tubercle bacilli recovered from effusion fluid 

Carcinomatosis The five neoplastic effusions included two due to carcinoma of the bronchus 
(Cases 10 and 12), one secondary to carcinoma of the cervix (Case 8) and one due to reticulosis 
(Case 11) These were confirmed post mortem Case 9 was a male patient aged 67 who had 
had cough and pam in the ohest for 6 months A bloodstained right sided effusion was repeatedly 
tapped, and X ray of his chest showed an ill defined opacity m the retro hilar region He died 
at home and no post mortem examination was made 

Tuberculosis Case 16 was a patient with polyserositis, having also ascites due to tuberculous 
peritonitis confirmed at operation In the others, no certain evidence of tuberculosis was 
forthcoming Cases 13 and 17, aged 42 and 22, had had symptoms for 6 and 2 weeks respectively, 
and then effusions absorbed in 2 and 4 weeks Case 16, aged 27, had had cough and night 
sweats for a month In addition to his effusion, X ray revealed a parenchymal inflammatory 
lesion of the right upper lobe His effusion did not absorb during his stay of 6 weeks in this 
hospital Case 14, aged 60, was at first believed to have a neoplastic effusion, but his condition 
improved so much that this was thought to be exoluded and an infraclavioular infiltration was 
regarded as tuberoulous 

Twenty five observations were made on 24 patients with ascites , two observations on 
Caso 18, having been made 11 months apart, are both included The ascites was caused by 
congestive failure (5), constrictive pericarditis (3), neoplasm (6), nephrosis (1), tuberculosis (1), 
and cirrhosis (9) 

Heart failure All had venous congestion and dependent oedema, although this was slight 
m Cases 18 and 22 

The heart disease was due to rheumatism with mitral stenosis and aortic regurgitation 
(Cases 18 and 19), rheumatism with mitral and tnouspid stenosis confirmed at post mortem 
(Case 22), hypertension (Case 20) and doubtful causes, 7 ben ben (Case 21) 

Constrictive pericarditis Cases 23, 24, and 26 were male patients in whom fibrous con 
stnetive pencarditis of undeterminable retiology was found at operation 

Carcinomatosis Case 11, in whom a reticulosis of uncertain type was found at post mortem, 
had extensive neoplastio infiltration of the pentoneum Post mortem examination of Cases 
28 and 30 showed carcinomatosis of the pentoneum, the primary being in the gall bladder and 
stomach respectively In Case 26, although there was extensive carcinomatosis of the pentoneum, 
no primary Bite could be identified post mortem Case 27, still alive at the time of writing, is a 
woman aged 66, whose abdomen has been swollen for 6 months , her ascites has been repeatedly 
tapped, and she has lost weight and strength No primary lesion has been discovered, and the 
neoplastic nature of this effusion, while highly probable, cannot be regarded ns established 
beyond all doubt 

Tuberculosis Case 16, as already mentioned, had tuberculous pentomtis verified by 
operation 

Nephrosis Case 29, a male aged 16, had had swelling of his legs, abdomen and face, for 
four months, and had heavy albuminuria The amount of ascites was small 

Cirrhosis 5 patients in this group had multilobular cirrhosis, v untied at operation in 
Cases 31, 34 and 37, and post mortem m Cases 32 and 36 In Cases 36 and 39, the diagnosis 
rested on clinical grounds Case 36, a woman aged 60, with an excessive consumption of alcohol 
liad had 3 htematemeses during 8 years and ascites for 18 months, which required tapping every 
fortnight Case 39, a man aged 41, had had jaundice, 6 years ago, and a htematemesis 1 year 
ago, at which time Ins In er and spleen were found to be palpable A progressive increase in 
his serum thymol turbidity was observed. His ascites had been present for 2 months Caso 33 
had ascites associated with jaundice due to subacute hepatitis of 18 months duration, verified 
hj hepatic biopsj Her liver and spleen were palpable 

Cose 38, had jaundice and ascites A liver biopsy taken at operation showed marked biliary 
cirrhosis She also had gallstones , histological examination of the bladder gall revealed 
suspected malignanc y, but there was no invasion or metastasis 
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Results 

Pleural effusions 

The venous and pleural pressures, and the concentrations of albumin 
and globulin m plasma and pleural fluid m each patient are shown m Fig 1 

In the patients with congestive failure and constnotive pericarditis the 
venous pressures were raised, varying from 26 5 to 8 0 cm above the sternal 
angle 

One patient (Case 8) with carcinomatosis, who was gravely ill, dying 
6 days after the observation was made, had oongested neck veins, and an 
anteoubital venous pressure of + 10 0 cm In the other patients with 
carcinomatosis and tuberculosis, venous pressures were normal, ranging from 
+ 66 om to — 26 cm The pleural pressure was greater m those with 



Fig 1 Shows the venous pressure (block dots) and pleural pressure (clear circles) in each of 
17 patients with pleural effusions due to the causes shown The broken line represents 
the level of the sternal angle The patients in each group are arranged in order of descending 
venous pressure Below are shown the plasma protein level (left-hand rectangle formed by 
contmous line) and fluid protein level (right hand reotangle formed by dotted line) The 
plasma albumm fraction is represented by a black rectangle, and the fluid alb umin fraotion 
by a shaded reotangle 
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increased venous pressure than in those without, and was lower than the 
venous pressure m all patients The mean pleural pressure for the congestive 
failure and constrictive pericarditis groups combined was — 1 8 cm, for the 
carcinomatosis group, excluding Case 8, — 8 0 cm , and for the tuberculous 
group — 6 0 cm there is much overlapping of individual values in different 
groups 

The difference between the venous and pleural pressures was greater 
in patients with venous congestion than m those without, the means bemg 
18 3 cm for congestive failure, 20 0 cm for constrictive pericarditis, 8 0 
cm for carcinomatosis and 6 4 cm for tuberculosis 

The albumin and globulin content of plasma and of pleural fluid in each 
patient is also shown in Tig 1 The plasma protein levels are comparable 
in all groups The fluid proteins were higher in carcinomatosis and 
tuberculosis than m congestive failure The two patients with constrictive 
pericarditis had widely different fluid proteins 
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Fig 2 Ordinate plasma colloid osmotic pressure minus pleural fluid colloid osmotio pressure 
(cm of water) Absciss® venous pressure — pleural pressure (cm of water) 

© — ■ Heart failure • — Carcinomatosis 

O — Constrictive pericarditis, Jxj — Tuberculosis 

General inspection of Tig 1, suggests that it may be possible to correlate 
the difference between venous and pleural pressure with the difference between 
the colloid osmotic pressures of plasma and pleural fluid 

These quantities are plotted m Tig 2, from which a high degree of 
correlation (r = 0 83, P < 0 001) is apparent The relation is an 
approximately linear one, passmg near the origin Pleural effusions due to 
carcinoma or tuberculosis provide the lower values for the two quantities 
plotted, and those due to congestive failure or constrictive pericarditis the 
higher 
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Ascites 

The venous and asoitic pressures, and plasma and fluid proteins are 
shown m Fig 3 

One patient with carcinoma was very ill and her venous pressure was 
+ 70 cm In the remainder, normal venous pressures were found except 
in the congestive fadure and constrictive pericarditis groups 

Asoitic pressure showed httle variation between the groups except that 
in cirrhosis it tended to be high 



Fig 3 Shows the venous and ascitic pressure, and plasma and ascitic fluid proteins in each 
of 24 patients with asoites due to the causes shown Notation as in Fig 1 

In heart failure and m constrictive pericarditis the ascitic pressure was 
well below the venous pressure In carcmoma and m the case of nephrosis, 
although ascitic pressure was still below the venous pressure, the difference 
was very small In the one patient with tuberculous peritonitis the asoitic 
pressure was shghtly above the venous pressure In cirrhosis, with two 
exceptions, the ascitio pressure exceeded the venous, in some instances by 
a substantial amount 

The protein contents of plasma and ascitic fluid from each patient are 
also shown m Fig 3 The plasma albumin levels were low in cirrhosis, and 
in the one patient with nephrosis In the remainder, the plasma albumin 
levels were similar m all groups The ascitio fluid protein levels were higher 
m tuberculosis and carcinomatosis than m congestive failure, although the 
difference is rather less conspicuous than that in pleural effusions In 
cirrhosis and nephrosis the fluid protein was extremely low 
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In Fag 4, the difference between venous and aBoitio pressure is plotted 
against the difference between the colloid osmotic pressures of plasma and 
ascitic fluid Excluding those representmg patients with cirrhosis, the 
points are significantly correlated (r = 0 86) and obey an approximately 
linear relation with a slope considerably smaller than that in Eig 2, crossing 
the osmotic pressure difference axis at + 5 0 cm Asm pleural effusion, patients 
with venous congestion provide the higher values represented m this diagram, 
and those with carcinomatosis, tuberculosis or hypoprotemsemia the lower 
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Kig 4 Ordinate plasma colloid osmotio pressure — ascitic fluid colloid osmotio pressure 
(cm of water) Absoissai venous pressure minus ascitic pressure (Cm of water) 

□ — Nephrosis -j Cirrhosis of liver Other symbols ns in Fig 2 

The continuous line is the regression line of venous ascitio pressure difference on colloid 
osmotic pressure difference, exoludmg patients with cirrhosis The dotted lines show the 
limi ts of twice the standard deviation of the points about the regression line in o direction 
parallel to the abscisste 


With one borderline exception, the points representing patients with 
cirrhosis he significantly to the left of the remainder All but two, having 
an ascitic pressure greater than the venous pressure, take negative values 
on the abscissae, while the osmotic pressure differences are relatively high, 
mainly owing to the extremely low protein content of the ascitic fluid in 
these patients 

Pressure changes during paracentesis 

In seven patients with ascites, the ascitic pressure was measured at 
intervals during the removal of fluid, the total volumes removed varying 
from 600 ml to 6 litres The pressure always fell during paracentesis, and 
for volumes up to 4 litres the relation between the fall m pressure and the 
a olume of fluid removed was linear, the slope of the relation providing an 
estimate of the elasticity of the abdominal wall and other structures 
containing the ascites 
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The fall in pressure per litre of fluid removed varied from 2 0 to 7 2 cm 
of water The three highest values were found in one patient with con- 
strictive pericarditis and tuberculous peritonitis, and two with oarcmomatosis 
of the peritoneum Two of the other patiehts had congestive failure, one 
had constrictive pericarditis, and one cirrhosis of the hver 

TABLE IV 


Case 18 Hate of fall of asctttc pressure during paracentesis 



Bate of fall 

Date of 

cm of water/litre of 

observation 

fluid removed. 

29 11 46 

3 2 

20 12 46 

2 8 

6 1 48 

2 0 


In Case 18 a progressive fall m the elasticity of the abdominal wall was 
observed, the figures being shown m Table IV This provides some evidence 
that long-continued asoites tends to increase its volume by progressive 
distension of the abdominal wall , in the other patients, however, there 
was no obvious correlation of the elasticity of the abdommal wall with the 
age of the effusion or the frequency with which it had to be tapped 

During removal of pleural fluid, the fall m pressure was not linearly 
related to the volume of fluid removed, but the pressure fell slowly at first, 
and more rapidly as the last few ounces were taken off The overall rates 
of fall in pressure varied from 5 to 30 cm of water per litre 

Discussion 

Starling's equilibrium as applied to effusions 

The concept from which this investigation derives, namely that an 
effusion of fluid is always m hydrostatio and osmotic equilibrium with 
circulating blood, can only be partially vahd, because any disturbance of 
the equilibrium will initiate formation or absorption of fluid, wlnoh is a 
process requiring time for its accomplishment 

Thus in one patient with asoites due to neoplasm, after removal of 9 
pmts of fluid the asoitio pressure fell by 6 cm of water, and took 6 days to 
regam its previous level Similarly, Mankm and Lowell (21) found that, 
following paracentesis, the ascitic fluid volume as measured by the dye 
dilution method increased rapidly for three days, and after that more slowly 

In the present investigation, 3 patients with pleural effusion and 9 with 
ascites had had fluid removed before the paracentesis at which the pressure 
measurements were made, but the bulk of the fluid had reacc umula ted 
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In these circumstances both Mankm and Lowell (21) and the author have 
found that further changes in pressure are small Pressure readings made 
m such patients are therefore presumed to be comparable with those made 
on an effusion being tapped for the first time 

Disequilibrium may also arise from sudden alterations m the component 
forces Substantial alteration in the colloid osmotic pressure of plasma or 
of flmd can only be gradual, but the same does not apply to the hydrostatic 
forces The changes m pressure which have been shown to result from 
alteration m posture make it necessary to suppose that, m so far as a smgle 
position is never maintained for days at a time, effusions can never come 
completely to equilibrium with the blood In this investigation all the 
patients with the exception of Case 35 had been m bed for at least 24 hours 
before the observations were made 

The venous pressure of patients with heart failure is hable to sudden 
and large variations, particularly tending to fall rapidly when treatment 
is begun The venous pressure at the time of paracentesis is therefore hable 
to differ from that prevailing at the time when the effusion was formed 

Apart from such practical considerations, the Bimple conditions envisaged 
by Starhng for tissue fluid cannot, for anatomical reasons, obtain for pleural 
or ascitic effusions Each of these cavities is drained by two sets of 
capillaries, systemic for the parietal layer, and pulmonary (30) and portal 
respectively for the visceral, and there is every likelihood that the pressures 
m the two systems sometimes differ, in which case, pleural or peritoneal 
capillary pressure becomes an abstraction 

Eor these reasons, and because of the use of venous instead of capillary 
pressure, it cannot be expected that the observations recorded m this paper 
can be exactly interpreted m terms of Starling’s theory If, however, 
cirrhosis of the liver is excluded, because in this condition a new factor of 
portal obstruction intervenes, then the findings are clearly m general 
agreement with Starhng ’s theory m that a proportionality has been shown 
to exist between the colloid osmotic and hydrostatic forces identified by 
Starhng (31) 


Portal obstruction and ascites 

Fig 4 shows that a relation exists between the difference between 
venous and ascitic pressure, and the difference between the colloid osmotic 
pressures of plasma and of ascitic fluid, except in ascites due to cirrhosis or 
hepatitis 

The direction of the discrepancy would be exphcable by an increase in 
portal venous pressure above systemic , a fixed relation no longer existing 
between the two, the venous-ascitic pressure difference would be under- 
estimated by an amount depending on the degree of portal obstruction 



MECHANISM OF EFFUSIONS 


303 


One is tempted to suppose that, 'were portal venous pressure substituted 
for systemic, the discrepancy due to portal obstruction would disappear, 
and ascites due to this cause would obey the same relation as that due to 
other causes 

If this assumption is made, the increase m portal venous pressure 
above systemic is represented by the difference between the observed 
“ hydrostatic pressure difference ” (venous pressure-ascitio pressure) and the 
value which it should have if portal obstruction were absent 

This difference can be estimated graphically from Big 4, being the 
horizontal distance from any of the points to the continuous hne (The hue 
is the regression hne taking osmotic pressure difference as mdependent 
variate, since it is desired to estimate the most probable value of venous 
pressure-ascitic pressure for a given osmotic pressure difference) 

The same difference can be obtamed numerically from the following 
formula derived from data in the graph 

PVP = AP — VP + 1 7 (OPD — 5) 

where PVP is the excess of portal venouB pressure above systemic, AP is 
the ascitic pressure, VP the antecubital venous pressure, and OPD the 
difference between the colloid osmotic pressures of plasma and of ascitic 
fluid, all measured m cm of water 

The broken lines in Pig 4 represent the limits of twice the standard 
deviation of the points about the regression hne m a horizontal direction, 
excluding points representing patients with cirrhosiB, and give an estimate 
of the limits of normal of ± H cm 

The mcrease m portal pressure measured in this way m 9 patients with 
cirrhosis or hepatitis varied from 10 to 50 5 cm , with a mean of 30 1 cm 
The results obtamed by other authors by direct measurement at operation 
of portal venous pressure have been expressed as cm above the portal vem, 
which has a rather uncertain relation to the sternal angle The portal 
pressures here estimated, bemg the difference between portal and systemic 
venous pressure, are most easdy compared with results of simultaneous 
measurement of portal and limb vem pressures Whipple (35) measured 
the pressure m the splenic vem simultaneously with that m an arm vem 
m 5 patients with Laennec’s cirrhosis The difference varied from 17 to 
33 cm of water, with a mean of 26 6 cm Beilis (4) found that the difference 
m pressure in the portal vem and m an ankle vem m one patient with portal 
cirrhosis and ascites was 32 cm Blakemore (6) found that the mean portal 
venous pressure m 6 patients with Banti’s syndrome was 33 2 cm and m 
7 patients with portal cirrhosis 29 4 cm the pressures were referred to the 
portal vem, and he does not record systemic venous pressure measurements 
The mean excess of portal pressure estimated m the present senes of 
9 patients with cirrhosis (30 1 cm ) therefore compared very closely with 
direct measurements made on similar patients 
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Heematemesis, in a patient -with cirrhosis of the liver, bemg a 
manifestation of dilated collateral veins, may be expected to occur in those 
m ivhoni portal hypertension is most severe Of the 9 patients in the present 
senes, three had suffered from hiematemesis and these three had the thr ee 
highest estimated portal pressures Their mean portal pressure was 42 6 
cm , and that for the six who had not had hsematemesis 23 8 cm the 
difference is significant (t = 3 5, P = 001) 

Although, therefore, it has not been possible to compare estimations 
of this kind with direct readings of portal venous pressure, it seems justified 
to say that the estimates are of the nght order, and that the method is 
capable of distinguishing mild from severe portal obstruction 

The method may prove to have practical application in helpmg to 
distinguish those patients with gross portal hypertension who may be most 
smtable for a porta-caval anastomosis, a distinction which can at present 
be made only during operation by direct cannulation of the portal vem 

In suggesting this method of estimating the portal venous pressure, it 
must be emphasized that a small error in osmotic pressure difference will 
have a great effect on the estimate of portal pressure, owing to the slope of 
the regression hue m Tig 4 , consequently protein estimations must be 
accurate 

These observations stress the importance of portal hypertension in the 
causation of ascites in cirrhosis of the hver The association of ascites with 
hypoprotomsemia m patients with cirrhosis has been emphasized by many 
authors (22, 33, 27, 13), while Ralli, Robson, Clarke and Hoagland (28) suggest 
that such ascites is largely a manifestation of water retention caused by fadure 
on the part of the hver to destroy antidiuretie substances 

If the above method of estimating the degree of portal obstruction be 
accepted, it is possible to judge the relative importance of hypoproteintemia 
and portal obstruction The mean plasma osmotic pressure for the patients 
with cirrhosis was about 12 cm below normal, as compared witb a mean 
increase of portal pressure of 30 1 cm In some patients one factor 
preponderated to the virtual exclusion of the other Thus in Case 37 the 
increase in portal pressure was only 10 cm giving a value which is just 
within the hmits of normal, whde his plasma osmotic pressure was 13 4 cm , 
only a little greater than that of the patient with nephrosis Case 36 on 
the other hand, had an increase m portal pressure of 50 5 cm , and a plasma 
osmotic pressure of 26 9 cm 

There is no evidence from the present findings that portal obstruction 
was at all responsible for ascites associated with chrome congestive heart 
fadure 

Two patients showed a c lun eal picture sometimes ascribed to portal 
obstruction due to cardiac cirrhosis Case 18 had had congestive failure 
for 12 years and ascites for 14 months, and Case 22 fadure for 4 yeam and 
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ascites for 1 year Both, these patients had relatively little oedema of the 
legs and sacrum, and were only admitted to hospital at intervals for 
paracentesis 

Case 22 died of a pulmonary embolus, and had severe fibrosis of the hver 
which is desonbed by Professor W D Newcomb as follows — 

“ The hver shows long standing venous congestion with considerable 
destruction of whole hver lobules m some parts and only the centres 
of the lobules m others There is much fibrosis especially under the 
capsule with considerable proliferation of small bile ducts Although 
some of the portal veins are large, m most of the lobules there is no 
evidence of hypertrophy of the walls of the portal veins ” 

Although cardiac cirrhosis might be suspected ip Case 18 and was 
shown to be present m Case 22, there is no evidence from the ascitio pressures 
that the changes produced in the hver are such as to cause portal obstruction 
Tins is m keeping with the finding of Katzm, Waller and Blumgart (16) 
that ascites was not conspicuously commoner m patients with heart fadure 
who had fibrosis of the hver than m those who did not In only 6 of the 16 
patients m their senes whose ascites required paracentesis was fibrosis of 
the hver demonstrable 

The 'protein content of effusion fluids 

The traditional division of effusion fluids into transudates containing 
little protein, and exudates containing a greater amount is widely held to 
account for the low protein content of the fluids found in cirrhosis and 
nephrosis on the one hand, and for the high level in tuberculosis on the 
other (19, 20) The intermediate protem levels found m the effusions of 
congestive failure fit less easdy mto this framework, and it is usual to account 
for them by postulating increased capillary permeability due to anoxia or 
dilatation (7) or by concentration of low protem fluid by diuretic treatment 
(16) 

In an attempt to define the factors responsible the protem levels 
of the effusion fluids of the present senes it has been a guiding principle to 
treat albumm and globulin separately, because these proteins, differing as 
they do m molecular weight (6) must be expected to behave differently m 
their tendency to enter effusion fluids Bor this reason, confusion may be 
minimised by avoiding as far as possible such quantities as the A/G ratio 
or the proportionate composition of the total protem content, and considering 
only absolute levels of albumin and globulin Even this separation is only 
a first approximation For example Wolfson, Cohn, Calvary and Thomas 
(37) pomt out that the filtrate from 22% sodium sulphate contains both 
true albumm and a -globulin, as may be detected by electrophoresis, and by 
more complex saltmg-out methods 

It is here proposed to analyse the protem content of effusion fluids 
with respect to two factors, namely the plasma protem level, and the nature 
of the disease causing the effusion 
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(1) Plasma protein level 

In Pigs 5 and 6, plasma albumin and globulin levels are plotted against 
tlie corresponding fluid albumin and globulin levels, pleural effuBion and 
ascites bemg kept separate Briefly, there ib an association of the albumin 
levels of plasma and effusion fluid, but not of the globulin levels except in 
tuberculous pleurisy 

The lower part of Pig 5, which relates plasma and fluid albumin 
concentration m patients with ascites, shows a marked positive correlation 
(r = + 0 73, P < 0 001) Albumin almost disappears from the fluid when 
the level m the plasma falls to 1 g per 100 ml and at higher levels the 
concentration in the plasma exceeds that m the fluid by about 1 g per 100 
ml 


The relation between plasma and ascitic fluid albumin is further 
illustrated by the changes which occurred between the two observations on 
Case 18, which are shown in the following table 


Date of 
observation 
6 1 48 
17 12 48 


Plasma 
albumin % 
3 9 
3 2 


Ascitic 

fluid 

albumin % 
3 1 
1 9 


Wolfson, Cohn, Calvary and Thomas (37) found, as mentioned above, 
that the albumin fraction obtained by Howe’s method contains also the 
<x-globuhn, which varies m amount from 0 6-1 6 g per 100 ml , and tends 
to be higher with low values of plasma albumin If ec-globulin were confined 
to the plasma, the data of Pig 6 would be approximately accounted for 
by an equal partition of true albumin between plasma and fluid This 
interpretation cannot be accepted unreservedly because Luetscher (20) has 
demonstrated a-globulm m pleural and ascitic fluid by electrophoresis 
His values for plasma (£-globulin contents, however, are substantially lower 
than those found by Wolfson, Cohn, Calvary and Thomas (37) 

The upper part of Pig 6 shows the relation between the albumin 
concentration of plasma and pleural fluid A relation exists similar to that 
found m aBcites (r = + 0 64, P < 0 06), the albumin concentration m the 
plasma exceeding that in pleural fluid by amounts varying from 0 6 to 2 4 
g per 100 ml The lower degree of correlation is due to the lack of patients 
with low plasma albumin levels 

The smulanty of pleural and ascitic effusions m this respect is confirmed 
by the almost identical protein contents of fluids from different localities in 
patients with polyserositis 

Case 11 developed ascites, and six weeks later a right pleural effusion, 
which post-mortem examination revealed to be due to a reticulosis The 
albumin level in the ascitic fluid waB 2 7 g per 100 ml , and that in the 
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pleural fluid nine days later 2 5 g per 100 ml Hie plasma albu min levels 
on the two occasions uere 3 2 and 3 4 g per 100 ml , respectively In Case 
16, ascites due to tuberculous peritonitis verified at operation was followed 
after five months by a left pleural effusion The albumin level in the ascitic 
fluid soon after the ascites appeared was 3 1 g per 100 ml , and that m the 
pleural fluid 3 4 g per 100 ml During the interval of four months between 
the observations the plasma albumin level had risen from 3 3 to 3 7 g per 
100 ml 



Fig 5 Shows the relation between plasma and fluid alh rrmm level (g per 100 ml ) in 17 patients 
with pleural effusions and 24 with ascites Svmbols as m Figs 2 and 4 


The tendency of different effusion fluids m the same patient to eontam 
equal amounts of protein was commented on by Luetscher (20) whose electro- 
phoretic studies included some in four patients with multiple effusions The 
plasma protein level would seem to be the most likely equalising factor in 
suoh patients 
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The correlation of plasma and effusion fluid albumin levels is most 
easily explained by supposing some at least of the capillaries m contact with 
the effusion to be permeable to albumin In the case of ascites, there is 
some mdependent evidence that this is so Mankm and Lowell (21) found 
that, when the plasma colloid osmotic pressure is increased by intravenous 
m]ection of albumin in a patient with ascites, the ascitic fluid osmotic pressure 
rose simultaneously (as judged by daily measurements) by an equal amount 
By whatever means they altered the osmotic pressure of plasma, snch as 
by mercurial diuretics or by injection of saline, an equal change occurred 
m the osmotio pressure of the ascitic fluid 

Several authors (2, 32) have drawn attention to the high protein content 
of thoracic duct lymph, and Peters (24) demonstrated the appearance of 
the dye T 1824, which is bound to serum albumin (29), in the thoracic duct 
of animals shortly after intravenous injection Starling presented evidence 
that the protein m thoracic duct lymph came ohiefly from the hver, and 
pointed out that the low capillary pressure m that organ makes permeability 
of the capillaries a necessity in order that tissue fluid should he formed at 
all There is no direct evidence, however, that tissue fluid formed m the 
hver can mix with ascitic fluid, so that the site of leakage of plasma albumin 
into ascitic fluid cannot he said to have been located, although the occurrence 
of such leakage seems to follow from the observations recorded m Pig 5, 
and from those of Mankm and Lowell quoted above Tins state of affairs 
has the consequence that the fluid albumin content is not a guide to the 
presence or absence of capillary damage, although, as will he seen below, 
inflammation of the serous linings does affect the albumin concentration of 
fluid to some extent 

Pleural effusions are analogous to ascites m this respect, but no 
independent information seems to be available about the permeability of 
the pleural capillaries to albumin The pleura is like the peritoneum 
m being supplied by more than one set of capillaries, those of the visceral 
pleura draining mto the pulmonary vems (30) and it is likely that the pressure 
m these capillaries is lower than that m those of the systemic circuit, 
suggesting an analogy with the hepatic capillaries The tendency for fluid 
to collect in these two serous cavities may possibly result from their being 
supphed by several sets of capillaries with differing permeability to plasma 
albumin 

Pig 6 shows the relation between plasma and fluid globulin levels, 
which, except m tuberculous pleurisy, are not associated The correlation 
coefficient between plasma and ascitic fluid globulin levels is — 0 22, which 
is not significant That between plasma and pleural fluid globulin is + 0 64, 
which is significant (P < 0 01), but this is almost entirely due to the points 
representing patients with tuberculous pleurisy, so that it would be 



MECHANISM OF EFFUSIONS 


309 


misleading to compare tlie correlation for all plenral fluids noth tliat for 
ascites, smce the latter group only includes one patient with tuheroulons 
peritonitis 



PLASMA GLOBULIN Q perlOOml 



12 3 4 5 


PLASMA GLOSAJN £ per (OOttiI 

Fig 6 Shows the relation between plasma and fluid globulin level (g per 100 ml ) m 17 patients 
with pleural effusions and 24 patients with ascites Symbols as in previous Figs 

Table V records the correlation coefficients between plasma and fluid 
protein, separately for pleural effusions and ascites, for heart failure, 
malignancy, tuberculosis and cirrhosis This makes evident the association 
of plasma and fluid albumin, and the lack of such association of globulin 
level, except m tuberculous pleurisy when the association is well marked 
The significances of the correlation coefficients (but not their values) have 
been combined using the z transformation This establishes that plasma 
and fluid albumin levels are correlated but globulin levels not, and this 
remains true if tuberculous pleurisy is excluded 

These results are consistent with the view that simple diffusion is 
largely responsible for the albumin content of effusion fluids, both pleural 
and ascitic, but that, with the exception of tuberculous effusions, such a 
mechanism does not account for the concentration of globuhn m effusion 
fluid 
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TABLE V 


The correlation oj plasma and fluid proteins for each diagnosis 



Correlation 

coefficient 

Number of 
patients 

P 

z 2 * * 5 (N-3) 


r 

'Heart failure 

+ 0 81 

0 

<0 05 

3 83 


Ascitic < 

Carcinoma 

+ 0 80 

6 

> 0 1 

2 38 



Cirrhosis 

+ 0 87 

9 

<0 01 

10 01 

Albumin ^ 









Heart failure 

40 89 

6 

<0 05 

3 92 


Pleural - 

Carcinoma 

4-0 19 

6 

>01 

0 07 


1 

_Tuberculosis 

+ 0 95 

6 

<0 02 

6 41 





X s = 

27 22 





p 

< 0 001 



'Heart failure 

40 31 

0 

>01 

0 390 


Ascitic - 

Carcinoma, 

+ 0 55 

6 

>01 

0 708 



Cirrhosis 

— 0 32 

9 

> 0 1 

0 090 

Globulin < 









' Heart failure 

— 0 08 

6 

>01 

0 014 


Pleural -t. 

Carcinoma 

4-000 

6 

> 0 1 

0 008 


[ 1 

Tuberculosis 

+ 0 90 

6 

<0 01 

7 COO 





1 . 

9 482 





■B 

0 15 


Qualitatively similar results were obtained by Luotscher (20)! who 
employed electrophoretic methods, and recorded the total protein content 
of plasma and effusion fluid, and percentage composition with respect to 
the different fractions If the absolute values of each protein are calculated 
from Ins figures, and a-globuhn mcluded m the “ albumin ” fraction, relations 
between plasma and fluid protein similar to those found here are obtained, 
within the limits imposed by the small number of cases investigated 

(2) The nature, of the effusion 

The general supposition that inflammatory diseases cause effusion of 
fluids conta inin g large amounts of protem, m contrast to congestive failure, 

cirrhosis and nephrosis, finds confirmation m the present work Table VI 
gives the mean levels of effusion fluid protems for different diseases 

Pluids caused by malignancy and tuberculosis contained more protem 
than those caused by heart failure The difference is less conspicuous m 
ascitic fluid than in pleural, where there v as no overlapping of the individual 
values for total protem found in heart failure and m tuberculosis Andrews, 
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Pickering and Sellors (1) found total fluid protein of no value m detecting 
the presence of tuberculous pleurisy or peritonitis m patients with tuberculous 
polyserositis and constrictive pericarditis , but they point to the possibihty 
of an effusion in such a patient being predominantly caused by venous 
congestion, even if tuberculous inflammation is present Of the two patients 
in the present senes with pleural effusions due to tuberculous polyserositis 
with constnctive pericarditis, one, Case 7, died 3 months after the observation 
was made, and post-mortem examination revealed tuberculous mflammation 
of all serous cavities In the other, Case 0, although tubercles were seen m 
the pentoneum by peritoneoscopy, thoracoscopy revealed neither tubercles 
nor thickening of the pleura The total fluid proteins, 5 1 g per 100 ml 
m Case 7 and 1 2 g per 100 ml in Case 6 favour the interpretation of the 
former effusion as tuberculous and the latter as congestive 


TABLE VI 


The mean fluid protein level (g per 100 ml ) in different diseases 



Pleural 

Ascitic 

Albumin 

Globulin 

Albumin 

Globulin 

Heart failure 

1 3 

08 

IS 

1 3 

Constrictive pericarditis 

1 9 

1 2 

i 

22 j 

2 3 

Carcinoma 

2 9 

1 3 

24 

I 2 

Tuberculosis 

3 1 

2 2 

3 1 

21 

Nephrosis 

— 

— 

0 

02 

Cirrhosis 

— 

— 

0 5 

0 7 


The intimate association of globulin levels m plasma and fluid of 
tuberculous ongm supports strongly the traditional contention that such 
inflammation renders the capillaries abnormally permeable to protein 

The association of hypoprofemcemia and effusion 

The levels of plasma protein m the patients studied m this investigation 
are shown m Figs 1 and 3, to be usually below normal Only two out of 25 
patients with ascites, and three out of 17 with pleural effusions had a plasma 
albumin greater than 4 g per 100 ml , in contrast to six healthy subjects 
whose plasma albu m in varied from 4 0 to 4 7 g per 100 ml with a mean of 
4 2 


Table VII compares the mean plasma colloid osmotic pressures of six 
normal subjects with that of patients with effusions Although the lowest 
plasma osmotic pressures are found m patients with cirrhosis, low values 
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are common enough, m patients with effusions due to other causes, and the 
mean plasma osmotic pressures of patients with cirrhosis is not sigmficantly 
lower than that of patients with ascites of other origin (P = 0 07) 

TABLE vn 


Mean plasma osmotic pressure (tn cm of water) of healthy subjects and patients with 

effusions 



Mean plasma 
osmotic pressure 

No of 
subjects 

Normal 

32 9 

0 

Pleural effusion (all causes) 

26 2 

17 

Ascites (except cirrhosis and nephrosis) 

24 6 

16 

Ascites due to oirrhosis 

21 0 

9 


Hypoprotemremia has commonly been supposed to be a major oause 
of the ascites of cirrhosis (22, 33, 27, 13) and a subsidiary cause of the 
effusions and oedema of congestive heart failure (26, 12) Such suppositions 
must be viewed with suspicion if plasma and fluid albumin concentration 
are related as demonstrated earher m this paper , for moderate reduction 
in the plasma albumin level would then be reflected in a lower effusion fluid 
albumin level, and the osmotic pressure difference, which is the osmotic 
quantity on which fluid exohange depends, would remain unaltered Such 
considerations do not, of course, apply to severe hypoprotemremia such as 
that encountered m nephrosis, where there is reason for suspecting a qualita- 
tive change m the “ albumin ” fraction m such a patient, as m Case 30, 
hypoprotemremia can of itself cause effusion m serous cavities 

Hypoprotemremia might at least as reasonably be regarded as the 
result of effusions as their cause The mean total plasma protein was lower 
(6 3 g per 100 ml ) m patients with ascites due to neoplasm than m those 
with pleural effusion due to the same cause (6 0 g per 100 ml ), which might 
be a reflection of the greater volume of fluid winch the peritoneal cavity is 
capable of containing 

Myers and Keefer (22) saw no progressive reduction of plasma proteins 
during a period of repeated paracentesis, and the same phenomenon, together 
with the ability of dogs to regenerate protein removed by plasmapheresis 
led Barnett, Jones and Cohn (3) to reject loss of protein mto ascitic fluid as 
a cause of hypoprotemremia 

Payne and Peters (26) ascribed the hypoprotemremia of congestive 
failure to malnutrition caused by anorexia, and the same cause may well 
be at work in many of the patients m the present senes 
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The mean plasma osmotic pressure of two patients with tuberculosis, 
one patient with congestive failure, and one patient with bronchial carcinoma, 
none of whom had effusions, was 28 3 cm , one value being as low as 25 4 
om Reduction m tho plasma osmotic pressure is probably a common 
occurrence m serious disease, but it would require a large survey to discover 
whether such reduction is particularly great in patients with collections of 
fluid 

Summary 

1 Tho antecubital venous pressure and the effusion fluid pressure 
have been measured simultaneously in patients with pleural effusions or 
ascites duo to various causes 

2 Tho albumin and globulin content of plasma and of effusion fluid 
have been determined in each patient b} r the micro-Kjeldahl method, and 
the colloid osmotic pressures calculated 

3 In patients with pleural effusion, the venouB pressure ahvays 
exceeded tho pleural pressure The difference between the two was 
approximately equal to tho difference between the colloid osmotic pressures 
of plasma and fluid 

4 In 15 out of 16 patients with ascites due to causes other than cirrhosis, 
tho venous pressure exceeded the ascitic pressure the difference between 
the two was proportional to tho difference between the colloid osmotic 
pressures of plasma and fluid 

6 In patients with ascites due to cirrhosis this proportionality was 
not observed m 7 out of 9 patients the ascitic pressure exceeded the venous 
pressure, while tho difference between the colloid osmotic pressures of plasma 
and ascitic fluid was large owing to the low protein content of the latter 

G It is suggested that portal obstruction accounts for the different 
behaviour of ascites due to cirrhosis m this respect, and that the magnitude 
of the deviation provides a measure of the portal pressure 

7 Portal pressures estimated m this way are comparable with those 
measured directly by other workers on patients with cirrhosis , the highest 
estimates w ere found m patients who had had liEematemeses 

8 The albumin content of effusion fluid was proportional to that of 
plasma tho globulin contents were not related except m tuberculous 
pleurisy Effusion fluids caused by tuberculosis and carcinoma contamed 
more protein than those caused by congestive failure 

9 The fluid protein contents were approximately consistent with the 
new that albumin enters effusion fluid largely by simple diffusion, but 
that globulin only does so where capillary permeability is increased by 
inflammation 

10 Hypoproteinemia is usually found in patients with effusions, 
being more severe in those with ascites, particularly if this is caused by 
cirrhosis of the hver The interpretation of this findin g is discussed 
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THE ACTION OP OUABAIN (G-STROPHANTHIN) ON THE 
CIRCULATION IN MAN. AND A COMPARISON WITH DIGOXIN 

By S AHMED, R I S BAYLISS, W A BRISCOE and J McMICHAEL * 
( From the Department of Medicine, Postgraduate Medical School of London ) 

The mode of action of the cardiac glycosides m cardiac failure is still debatable 
and the clinical results unpredictable Certain patients show remarkable 
clinical improvement, while others fail to respond In the previous 
generation it was thought that the best responses v ere obtained m auricular 
fibrillation because the ventricular rate was markedly slowed, but the 
frequent occurrence of clinical improvement in patients with smus rhythm 
suggested, in addition, a stimulating action on the myocardium of the 
fading heart Even the latter hypothesis is not universally applicable as 
clinical improvement does not always follow digitalisation Previous work 
m this school (8, 9) showed that venous pressure reduction was sometimes 
independent of any upward change m cardiac output and it was tentatively 
suggested that the primary action of digoxm might be to reduce the venous 
pressure Comparison of the effects of digoxm and venesection m various 
types of heart failure (S) showed a certain parallelism In “ low output ” 
failure, venesection and digoxm both raised the cardiac output while, in the 
“ high output ” type (e g , emphysema heart), the minute volume of the 
circulation might fall as a result of these measures Further work, however, 
showed that primary venous pressure reduction could not adequately account 
for the action of digoxm It was found that cardiac work was greater after 
digoxm than after venesection (8), and that certain rather exceptional 
types of raised venous pressure were not lowered by digoxm (14) Ouabain, 
moreover, was found by Bloomfield and hiB colleagues (2) to increase the 
cardiac output in many instances of heart failure without reducing the 
venous pressure at all In was therefore decided to repeat studies on cardiac 
output responses m healthy and failing hearts using ouabain, and to make 
further comparative observations with digoxm 

Material and Methods 

Ouabain was given to mne subjects with normal circulation and to 
twenty-eight with heart disease of different types Thirty-two patients 
with cardiac failure of varied tetiology v ere treated with digoxm The 

* Our thanks are due to the technicians who assisted in tins work, and particularly to 
Mr J Manders 
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observations ueie begun two hours after tbe midday meal .Normal subjects 
weie recumbent, but most of the cardiac patients were propped up at an 
angle of 45 degrees A catheter was passed into the right auricle, and the 
techniques employed were the same as in previous studies, except that the 
Haldane blood-gas apparatus used to determine the oxygen unsaturation of 
right auricular and arterial blood was completely immersed m a water-hath 
to ensure full temperature control (5) Three ml samples of blood were 
used m these analyses Arterial blood w r as assumed to be 95 per cent 
saturated with oxygen m normal subjects , m patients with heart failure 
arterial samples were taken for direct determination of oxygen saturation 
The mean right auriculai pressure was measured with a saline manometer, 
takmg the sternal angle as zero Oxygen consumption was measured by 
spirometry In six subjects the effects of lowering the venous pressure by 
congesting cuffs round the thighs were compared with the results obtained 
with ouabam 

In plotting the effects of ouabain and digoxm on patients with hyper- 
tensive and ischaemic heart disease (Fig 4), a logarithmic scale is used to 
indicate proportional changes m cardiac output , thus a rise m output from 
2 to *1 litres per minute represents the same degree of change as a rise from 
4 to 0 litres Random errors in the measurement of smaller arterio-venous 
oxygen differences m the higher ranges of cardiac output are placed in proper 
perspective by this technique Venous pressure changes are not liable to 
the same error and are recorded on a linear soale 

To ensure a maximum response, 1 mg of ouabam was used m the earher 
observations, and on one occasion 2 mg were given m error These large 
doses caused unpleasant effects, subjectively m the form of headache, and 
objectively m hypertension In later studies, the usual dose was 0 75 mg 
and even tins might cause transient hypertensive reactions The subjective 
sensations were less, however, if the drug was injected very slowly over a 
period of five minutes In undersized subjects doses of 0 6 mg were used 


Results 

The effects of ouabam are shown m Tables I-III, in which the right 
auricular pressure, cardiac output, blood pressure and heart rate are recorded 
before and after administration of the glycoside The early changes, which 
represent the first significant alteration in either right auricular pressure 
or cardiac output, are also shown, and the time m minutes after ouabain 
when these changes occur is recorded m italics The final change represents 
the last observation made before the experiment was terminated, usually 
45-GO min utes after the glycoside was given, Details of selected cases are 
given in Figs 1-3 



TABLE I 
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I — Effect of ouabain on cardiac output and right auricular pressure 
Patients with normal circulation ( Group I, Table I) In patients with a 
normal circulation ouabain produced no consistent change m cardiac output 
There was perhaps a slight tendency for the right auricular pressure to fall 
but this was not outside the limits of normal fluctuations 



O IO 20 30 40 SO 60 mins 

Fig 1 Case 29 Hypertensive heart disease Mechanical reduction of the right auricular 
pressure produced an insignificant change in cardiac output Ouabain produced a rise in 
cardiao output coincident with a rise m venous pressure and a hypertensive effect Later 
when the venous pressure had fallen, the cardiac output was much higher than after 
mechanical reduction of the venous pressure 
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Patients with heart disease without failuie ( Group II, Table II) Two 
patients had heart disease but were not, at the time of the observations, m 
failure Ouabain produced no significant change m cardiac output or venous 
pressure, i e , these patients responded m a similar manner to those with a 
normal circulation 



Fig 2 Case 22 Hypertensive heart disease Ouabain produced a rise in cardiao output 
before any significant fall in venous pressure 


Patients with low output failure (Group III, Table II) Four of six 
patients with valvular disease of the heart showed no significant rise in cardiao 
output with ouabain , all those with hypertensive or lscliremic heart disease, 
on the other hand, showed an immediate rise aocompanied, in half the cases, 
by a venous pleasure fall In four instances (Cases 22, 23, 27, 29) there was 
a significant rise m cardiac output before the venous filling pressure had 
fallen at all , sometimes the venous pressure rose simultaneously with the 
rise in output (Fig 1) In contrast, digoxm never produced a rise in output 
without a simultaneous fall in right auricular pressure (Table V) Patients 
with pulmonary congestion without signs of systemic venous engorgement 
(Group IV, Table II) showed a similar response to those with low output 
failure and a raised venous pressure The right auricular pressure, initially 
within normal limits, fell following ouabam and there was an increase in 
cardiac output 

The effect of ouabain on the cardiac output was compared with that 
produced by congesting cuffs round the thighs (Table IV) Ouabain produced 
a greater rise m output for each cm fall m venous pressure than did the 
cuffs, except in one patient with mitral stenosis (Case 1C) 



TABLE H 
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Patients tenth emphysema heart (high output failure) ( Group V, Table 
III) Of five patients witli emphysema heart, four had an increase m 
cardiac output after ouabam, which was accompamed by a relatively small 
fall in venous pressure It should be noted that the apparent degree of 



Fig 3 Case 34 Emphysema heart disease Ouabain produced a rise in cardiac output 
without a significant fall in the venous pressure 

venous congestion was loss m the patients of this group than m those with 
hypertension, but it must be remembered that the right auricular pressure 
in uncomplicated emphysema is often low m relation to the sternal angle, 


TABLE rv 

Effect of congesting cuffs on the thighs 



Cuffs 

Ouabain 

Case 

No 

Fall m 
R-AJ> 
(ems ) 

% change 
in C 0 

% nse m 

C 0 per 

1 cm fall 
in R A J? 

Fall m 
R.AJ> 
(ems ) 

% change 
m C O 

% rise m 

C O per 

1 cm fall 
m R.A P 

10 

4 

+8 8 

+2 2 

6 5 

+11 8 

+18 

25 

5 

+113 

+2 2 

4 6 

+20 0 

44 5 

20 

4 

+17 0 

+4 4 

1 0 

+13 0 

+13 6 

27 

3 6 

+24 0 

+0 9 

1 0 

+27 0 

+27 0 

29 

0 0 

+1 85 

+0 30 

0 5 

+15 0 

+0 9 

32 

2 5 

—11 4 

— 4 65 

2-0 

+11 4 

+5 7 
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The effect of digoxtn on patients unth low output failure 
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owing to elevation of the latter and the low position of the diaphragm (3, 10) 
Venous pressures m the neighbourhood of the sternal angle in such patients 
certainly indicate significant congestion In all but one of this group the 
effect of ouabam was to increase the cardiac output conspicuously, with a 
small accompanying fall in venous pressure 



RJLP cm. lallnc above S A SAB cm «allne above SA. 


Fig 4 Hypertensive heart disease, showing the early changes in cardiao output and right 
aunoular pressure after digoxm and ouabam With digoxm there is a significant fall in 
venous pressure before any significant rise m cardiao output V illi ouabam a steep rise 
m cardiac output with little change m venous pressure is common 

II — Other observations on ouabain 

The speed of action Ouabam given through an mtracardiao oatheter 
usually produces an effect within ten to fifteen minutes, and attains its 
maximum effect within half-an-liour Digoxm given m a similar nay may 
not begin to act for twenty minutes and exerts a maximum effect within 
thirty to forty-five mmutes 

The effect on pulsus alternans One patient (Case 22) with hypertensive 
heart disease had striking pulsus alternans Before ouabain the systohe 
pressure of alternate beats differed by 20 mm Hg (170-160/130) and almost 
immediately after ouabain the alternation was barely measurable (200- 
196/135) 

Hypertensive effects In nearly half the cases, ouabain was followed 
within five minutes by a rise m arterial pressure of more than 20 mm Hg 
systohe or 10 mm Hg diastolic This was sometimes associated with 
transient but unpleasant symptoms, comprising headaches, visual dis- 
turbances and paraesthesiae, and even temporary exacerbation of breathless- 
ness In some of these cases there has a rise m venous pressure during the 
hypertensive response, but despite this the cardiac output increased (Big I) 





TABLE VI 

Effect of digoxin on patients with emphysema heart ( high output failure) 
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III — Comparison of the action of ouabain and digoxm 

Tables V and VI summarise previously published observations on the 
action of* digoxm and additional observations on new cases Special emphasis 
has been laid on the earliest measurable response With digoxm it is seen 
that a significant reduction of right auricular pressure is nearly always the 
first reaction and the cardiac output measured simultaneously shows usually 
only a small increase The early responses to ouabam and digoxm m cases 
of hypertensive and lschamue heart disease are plotted m two graphs side 
by side (Fig 4) In this group it is seen that the early response to ouabam 
is usually a striking rise m cardiac output with only a shght fall m venous 
pressure while with digoxm the earliest response is a fall m venous fillin g 
pressure with only a very shght rise m cardiac output 

In Table VII the complete effects of digoxm and ouabam on the cardiac 
output are shown in relation to the accompanying venous pressure change 
Measured m this manner it is seen that m the hypertensive and ischaemic 
heart disease group, taken because of conveniently comparable conditions 
and numbers, there is a greater relative rise m cardiac output after ouabam 
than aftor digoxm 

Discussion 

The above data and the uork of others (2) have shown that ouabam 
has a striking stimulating action on certain types of failing myocardium, 
and a rise in cardiac output may oocur in such patients independently of a 
fall m venous pressure although the latter usually follows Ouabain, 
however, has no significant or measurable effect on the output of a normal 
heart Further observations with digoxm continue to show m nearly all 
cases, a venous pressure lowering action which has been confirmed by other 
workers (11) This fall in venous pressure may precede significant increase 
m cardiac output, and in some cases may occur without any measurable 
rise m output during the period of observation 

It has long been claimed on the European continent that strophantlnn 
and ouabain often produce chmcal improvement when digitalisation had 
apparently failed (G, 12, 13) In the English speaking countries, hov ever, 
the action of the cardiac glycosides is assumed to be identical Tins seems 
to date horn an observation by Cushny (4) uho in 1897 said “ The action 
of all of them (various glycosides) on the cardiac muscle is identical m land, 
although varying m strength Antiann and stropkantlim were the 

strongest ” We have not found any experiments in the literature m 
which a definite comparison of digitalis and stropkanthin was made J\ r o 
doubt this results from the difficulty in producing a standard degree of failure 
m an animal heart and the impossibility of repeating an experiment of this 
type under identical conditions There has, however, been a strong pre- 
dilection on the part of the laboratory pharmacologists to use strophantlnn 
experiments to illustrate the stimulating action of cardiac glycosides on the 
heart, perhaps because of their more rapid action (1, 7) 
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The studies reported here make it clear that the direct action of ouabain, 
increasing the output of the failing heart, is much easier to demonstrate 
than any similar action of digoxin The frequency vnt h which a rise in 
cardiac output was seen m the high output failure group contrasts with the 
frequent absence of any such response following digoxin m similar cases 
Both drugs, however, maj ultimatelj produce similar end-results, and it 
would be premature at the present time to claim fundamental differences of 
action There is certainly a difference in the timing of the effects, ouabain 
producing a more rapid response The stimulating action of ouabam probably 
brings about a fall in venous pressure as a secondary effect Digoxin 
produces an early fall m venous pressure, which at this stage may be 
independent of any significant increase m cardiac output 

Summary 

The action of ouabain lias been studied m nine subjects with normal 
circulation and in twenty -six patients with various types of heart failure 
The results are compared with tlnrty-tliree similar studies made with digoxin 

When the circulation is normal, ouabain produces no significant effect 
on cardiac output or venous filling pressure In cases with heart failure 
there is an increase in cardiac output winch is often the first response, and 
which may be followed later by a fall in venous pressure 

The total effect of digoxin is similar, but quantitatively and m timing, 
there are differences The venous pressure tends to fall more in proportion 
to the change m cardiac output, and the fall m venous pressure often 
precedes a significant change in cardiac output With ouabain the cardiao 
output goes up before there has been much change of venous pressure 

Ouabain often produces an increase in cardiac output in emphysema 
heart failure — a reaction commonly absent after digoxin 

In individual cases the action of ouabain on the cardiac output in heart 
failure is greater than that produced by mechanical reduction of -venous 
pressure, and must therefore depend on a direct stimulating action on the 
failing myocardium 
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1NTRAPULM0N ARY MIXING OP HELIUM 
IN HEALTH AND IN EMPHYSEMA 


By D V BATES* and RONALD V CHRISTIE 

( From the Medical Professorial Unit, St Bartholomew's Hospital ) 

If an inert gas is rebreathed from a spirometer, gaseous equilibrium between 
lungs and spirometer will, after a while, be reached, and from the fall m the 
percentage of the inert gas the lung volume can be calculated Most of 
the methods used for the measurement of lung volume are based on this 
principle, but it has only recently been appreciated that the rate at which 
gaseous equilibrium is reached may provide an index of lung function (7) 
Bateman (4) and Command (3) have investigated the efficiency of mixing 
in the lung by studying the rate of nitrogen washout in a group of patients , 
but this method is laborious, and it was felt that there would be several 
advantages in using a method based on the rate of mixing in the lungs of an 
inert gas such as helium 

While work along these lines was m progress, Meneely and Kaltreider (5) 
published a study of the rate of helium mixing in the lungs and shoved that 
in 10 cases of emphysema the mixing rate was retarded No allowance 
was made for changes m lung volume or tidal air, and therefore no reliable 
index of mixing efficiency was obtained In addition, the rate of nnxmg 
was plotted agamst time which is misleading since it is the number of com- 
plete respirations which is the important factor in determining the rate of 
mixing 

It was to devise an index of mixing efficiency which takes into acoount 
variations in lung volume and tidal air, that the present investigation was 
started 

Apparatus 

The apparatus is based on that described by McMichael (1 and 2) for 
the measurement of the functional residual air, except that helium is used 
as the indicator gas instead of hydrogen It has been shown recently by 
Gilson and Hugh-Jones (0) that tins closed circmt method using helium and 
a katharometer is an accurate and relatively rapid method of determimng 

* Beit Memorial Research Fellow 

We wish to thank J A Heady for statistical help and assistance with the formulto and 
calculations , Dr J M S Knott for clinical assessment of the cases reported Dr J C Gilson 
and other members of the MRC Pneumokoniosis Research Unit at Cardiff for much help and 
criticism and Mr L S Bartlett for his skilled technical assistance 
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tlie functional residual air , it can also be used to measure the rate at which 
helium is mixed with the air in the lungs, hut foi this purpose the circuit 
must he modified m certain respects (Pig 1) 

(a) Pump In the apparatus descnbed by Gilson and Hugh-Jones, 
the rate of circulation and mixing in the mam circuit was not material as 
ample time could be given for equilibrium to be established before a final 



M 


Fig 1 Ctrcutl diagram A t= meobamcal tracker B = spirometer F = flowmeter G = 
galvanometer K ■= katliarometer M <= mouthpiece P = pump S, = mom cirouit 
CO- scrubber S s = side circuit scrubber D = recording drum. 

galvanometer reading was taken, but for the plotting of a mixing curve it is 
desirable to have as rapid a circulation as possible m the mam circuit The 
pump (P, Pig 1) used is a high speed fan — similar in construction to the 
familiar hair dryer — with an output when m the circuit of about 50 htres/nnn 
This ensures that one complete “ flush ” of the mam circuit occurs every 
seven seconds An airtight bearing must be made between the fan blades 
and the commutator as the motor brushes must not be m contact with the 
circuit containing oxygen 

(b) Katliarometer (K, Pig 1) This instrument consists of tuo pairs 
of resistances, one pair sealed m pure oxygen, and the other open to the gas 
stream The galvanometer records the change m potential across these 
when the open pair are m contact with hehum It is calibrated from 0 — 16% 
hehum m oxygen over a ten-mcli deflection, and is provided with a switch 
so that it can be made to measure the voltage output of the batteries used 
as the current source, 
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A fall m the current to the katharometer results in a considerable error 
and it is essential that the current should be kept constant throughout the 
plotting of the mixing curve It was found that standard cells of the car 
battery type were unsuitable and special low loss type cells* are now used 
These are trickle charged every night and left on open circuit during the day 
and can be relied upon to give a constant current during the run The 
voltage output of the cells is checked immediately before and at the end of 
each run 

It is important that the gas mixture should pass through the mam CO a 
scrubber (S, Fig 1) before reaoliing the katharometer The rate of flow 
through the katharometer (EL, Fig 1) is observed by means of a bobbin 
flowmeter (F, Fig 1) This must be kept below 2 litres a mmute if a 
direct cooling effect is to be avoided, and it is normally adjusted to 1 litre 
a minute for each run as in this way the lag is kept fairly constant All 
gases are bubbled through water into the main circuit, which contains 
no wash bottle During a nm condensation can be seen m the glass tube 
that leads to the katharometer showing that the gases are saturated with 
water vapour A small C0 2 scrubber (S 2 , Fig 1) is inserted in a bypass off 
the katharometer circuit This is switched m at the end of a run to make 
sure that C0 2 absorption is complete 

(c) Temperature By the insertion of thermometers mto the oiromt 
it was found that the temperature of the gas beyond the C0 2 scrubber was 
0°C higher than it was beyond the spirometer at the end of a run The rise 
of temperature at the katharometer was only 0 5°C during the same period 
It is important therefore to have a sufficiently long lead to the katharometer 
to allow cooling, but this must be balanced against the delay in response time 
that a long lead must produce , m our apparatus it is just over 12" long A 
thermometer is permanently inserted beyond the spirometer and the 
temperature taken before and after each run 

(d) Trader A meohamcal tracker (A, Fig 1) is fitted to the outside 
of the galvanometer, and is so connected that it records directly belov the 
spirometer tracing The tracker is moved by a wheel fitted to the end of the 
galvanometer (G, Fig 1) and is counterbalanced so that movement is smooth 
and easy The wheel is manually operated, the fall of the galvanometer 
needle bemg followed visually by keeping the pointer which runs along 
the front of the scale m line with the galvanometer needle 

Tins has been found a most satisfactory way of recording the fall m 
hehum percentage 

(e) Technical details A syphon water level indicator is inserted into 
the water seal of the spirometer jacket so that the level of this may be kept 
constant Care must be taken that with the fan in operation, the pressure at 


These cells were supplied by Ende Ltd , and are numbered LLZG-2 
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the mouthpiece is atmospheric All tubing is 1" m diameter, and angle 
pieces are made of brass The apparatus must be tested routinely for leaks, 
though these have not proved troublesome The volume of the circuit 
dead space with the spirometer empty is 4300 c c 


Procedure 

The procedure for the determination of the mixing rate and functional 
residual air of a patient is as follov s 

A tracing of 0 2 uptake is taken and three vital capacities are reoorded 
The patient is now switched to a bag contaimng oxygen and the circuit is 
flushed with oxygen The spnometer is then set at 1000 c c on the scale 
so that the circuit dead space is the same for each lun The cell voltage is 
checked, and the needle of the galvanometer adjusted to zero by altering 
the lheostat resistance in the katharometer 700 c c of helium is now 
admitted into the circuit, and the galvanometer allow ed to stabilize The 
cell voltage is again cheoked, and the circuit temperature taken The 
tracker is ahgned with the galvanometer needle and the kymograph started 
Then, at the end of an expiration, the patient is switched from the bag into 
the cncuit and at the same time oxygen is run in to balance the patient’s 
oxygen consumption The fall of the galvanometer reading is accurately 
followed with the tracker until mixing is complete When this has ocourred, 
the patient is switched from the circuit and the 0 2 input switched off The 
cell voltage is checked and a galvanometer reading is taken The katharo- 
meter side circuit contaimng the extra C0 2 scrubber is then switched in and 
a final leading is taken 

The circuit is now w r ashed with oxygen until the galvanometer returns 
to zero, and the whole procedure is repeated so that tw o readings for the 
functional residual air and two mixing curves are obtained on each patient 

Smce the katharometer is shghtly sensitive to nitrogen, any considerable 
change m nitrogen percentage should be avoided Nitrogen may be washed 
out by breathing oxygen for ten minutes in normal subjects, and m patients 
with emphysema for twenty minutes 

Fig 2 show s the chart obtained from a normal person by means of the 
technique described above 

Calculation of formula 

It has been calculated that the following expression relates the fall m 
helium percentage to the variables in the circuit provided that mixing 
is complete both m the mam circuit and m the lungs between each 
respiration 
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The formula is as follows 




Formula “ A ’ * 

, , 100 H 

% helium = 

where V = Volume of mam circuit at the beginning of inspiration 
H = Initial \ olume of helium 
F = FR A 
T = Tidal air 

r = number of complete respirations 
F(V — T) 


and Q 


V(F-fT) 


From this expression, the following formula can be derived which prcdiots the number of 
respirations required to oohie\e 00% mixing 

Formula B 

Number of complete respirations to achieve 00% mixing = — — — 


Exjki iments with model lung 

A model lung was constructed so that formula “ A ” described above 
could be tested The model consisted of a spirometer with a Bmall dead 
space, and a pump circulating the air at a rapid rate This circuit could then 
be filled with oxygen and be switched into the main circuit in the same nay 
as a patient, except that the two circuits could be disconnected after each 
“ breath,” so that complete mixing in both the main circuit and the 
model lung oould be ensured In this way, the two assumptions of the 
formula could be fulfilled, and it would be possible to check its 
accuracy 

Five experiments on these lines w ere done with different values for the 
model volume and the tidal air in each case The agreement between the 
actual and predicted curves was very close, the average deviation of the 
differences being in no case greater than 0 1C% helium It was therefore 
concluded that the formula vas a correct expression for the fall m helium 
percentage 

Fig 3 shovs a number of theoretically calculated mixing curves, and it 
will be seen that variations m the functional residual an and tidal air produce 
considerable differences m the shape of the curve This illustrates well 
that an estimate of mixing efficiency without taking into account 
changes in the functional residual air and tidal air is hound to he 
fallacious 


See Appendix for details of calculation 
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It -was clearly necessary to have a simple means of expressing the 
difference between the plotted curve of hehum fall m a patient and that 
calculated from the formula It was decided that the following ratio would 
express any delay m mixing m a convenient way 

Theoretical No of respirations to reach 90% mixing 
Actual No of respirations to reach 90% mixing 

Experiments with the model operated at different respiratory rates 
showed that with a respiratory rate of 1/min this ratio was 100, hut that 
due to delay in mam circuit mixing and katharometer response, it fell to 
80 at rates between 1/min and S/nnn , and thereafter remained steady at 
80 at rates between 8/min and 26/mm Smce it can be assumed that 
mixing m the model was complete up to rates of 25/nun , it follows that 
within the physiological range of respiratory rates, individuals with perfeot 
mixing in the lungs should give a ratio of 80 That it is not 100 is due to 
delays m the mam cirouit mentioned above, and for this reason, when deahng 
with patients and normal individuals the ratio was scaled up from 80 to 100 
Thus a patient with a ratio of 00% for example, is said to have a mixing 
efficiency of 75% 



Fig 


3 Theoretical curves Curves showing the predicted rate of fall in hehum percentage 
plotted against the number of respirations, for different lung volumes and tidal air voluos 
Perfect mixing m the lungs is assumed Changes in lung volume and tidal air produce 
considerable differences m mixing rate even when mixing is perfeot 


Several experiments were done to mvestigate the relationship between 
tidal air and volume of the model lung on the mixing rate, and it was found 
that for volumes between 2 and 5 htres and for tidal air variations from 
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300 cc to 900 co , tlie mixing efficiency varied by only 8% on different 
occasions The mixing efficiency of the model could be lowered by slowing 
the pump m the model, and m the extreme case uhen the model pump was 
switched off so that mixing was by turbulence and diffusion only, the mixing 
efficiency dropped to 24% This is of interest as this is the sort of figure 
obtained in emphysema 

A furthei experiment was performed in which a length of tubing of 
170 c c volume was interposed betveen the two circuits, and isolated from 
them by a tap at each end after each breath This simulated an increase 
m the respiratory dead space, and the effect of it uas to lower the mixing 
efficiency from 100% to 81% The significance of this experiment is 
discussed later 

TABLE I 


Data from a group of 47 subjtcls 
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37 

1100 c c 
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27 
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47 

620 oc 

8 

2 10 1 

29% 
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1400 c c 

20 
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46% 

80% 

10 subjects 
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03 

930 c c 

19 

3 10 1 

37% 

64% 
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Range 

38 

250 c c 

8 
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62% 
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800 c c 

36 

0 17 1 

18% 

37% 

20 subjects 

Mean 

50 

535 c c 

21 

4 03 1 
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25% 


Results 

In emphysema the mixing efficiency is clearly impaired (Fig 4) 

Table I summarises the data obtained m a series of 47 subjects The 
difference in mixing efficiency percentages is also shown diagrammatically 
m Fig 5 
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Three principal groups of patients were studied The young normal 
group (Ny), had no history of chest disease and were nor ma l clinically 
The old normal group (No), with an average age of 53, had no history of 
chest disorder, were normal clinically and radiologically, and had no 
exertional dyspnoea The emphysema group (E), were patients with clinical 
emphysema and exertional dyspnoea This group includes patients with and 
without co-existent bronchospasm, and includes three patients with chronic 



Fig 5 Mixing efficiency The mixing efficiency (ME%) is shown as the ordinate P = 
spontaneous pneumothorax ooUapsod and after re-oxpansion A = asthmatic with 
progressive recovery 


cor pulmonale These three had the lowest mixing effioienoy of the group , 
the rest were ambvdant and the majority still at work It can he seen that 
the average mixing efficiency percentages of the three groups was 76%, 
54%, and 25% respectively The differences of 22% between the young 
normal and the old normal groups is a statistical^ significant difference 
Two cases have been investigated m addition to the above groups 
The first (P, Eig 5) was a lad, 18 years of age, with a non-tuberculous 
spontaneous pneumothorax on the left side At the time of the first 
estimation the left lung was about half collapsed The second estimation 
was done when re-expansion was complete and it will he seen that there is 
a difference of 10% m the mixing efficiency on the two occasions 

The second case (A, Fig 5) was a patient with severe bronchial asthma 
Tins patient, aged 42, had a three-month history only of asthma, hut had 
been disabled by a contmuous and severe attack for the past two months 
He had been bedridden for most of this period and was resistant to adrenalin 
m doses of up to GO minims On the first occasion that the estimation was 
done he was m a severe attack and the mixing efficiency percentage was 
18% He was much improved clinically by the time the second estimation 
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was performed, and Ins mixing efficiency percentage liad risen to 40% 
A final estimation a week later showed that it had risen again to 51 % 

Discussion 

There has m the past been considerable confusion of thought concerning 
the role of the dead space of the lung in lntrapuhnonary mixing This has 
arisen because the term dead space has been used in two senses , fiistly to 
describe the space in the trachea and bronchi which is not concerned with 
hmmo-respiratory exohange , and secondly to describe parts of the lung 
which are poorly ventilated To use the term dead space for both of these 
is clearly misleading smce the trachea although not in contact with the 
pulmonary circulation is well ventilated, while the underventilated areas m 
the lung may be m ultimate contact with pulmonary blood 

We consider that the rate of inert gas mixing is influenced by two 
factors 

1 The effect of the trachea and larger bronchi (anatomical dead 
space) m preventing a proportion of the inspired air from coming into oontaot 
with alveolar air 

2 Unequal ventilation in the lungs 

It seems probable that in normal individuals the influence of the first 
of these factors is sufficient to prevent mixing from being 100% perfect, 
and it will be seen from our results that the average mixing efficiency of the 
young normal group was 76% We have preferred not to make any correc- 
tion for the anatomical dead space, smce to do so would be to mtroduoe an 
arbitrary figure the accuracy of which m health and disease is unknown 

In emphysema tho impairment m mixing efficiency is much greater than 
can be accounted for by the comparatively slight increase m anatomical 
dead space u hich has been shown to occur in this disease The experiment 
with the model lung described above showed that an increase in dead space 
of 170 c c , lowered the mixing efficiency by only 19%, whereas there is a 
difference of 50% between the normal and emphysema groups It seems 
unhkely therefore that an increase in anatomical dead space is a significant 
factor m impairing mixing m emphysema, though one oannot say for certain 
that it plays no part The weight of evidence is strongly m favour of 
acceptmg the second factor, unequal ventilation, as mainly responsible for 
the impairment m mixing that has been demonstrated 

It is not possible to state precisely what proportion of the lung is 
underventilated m any given case, and we have felt therefore that an 
expression based solely on the actual delay m mixing is, for the moment, 
the most satisfactory method of measuring mixing efficiency 

Summary 

1 A method of measuring the mixing efficiency of the lungs is described 
By means of a formula, it is possible to eliminate the effect of changes m 
lung volume and tidal air on the mixing rate 
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2 The mixing efficiency is severely impaired m emphysema, and was 
reduced m one caso of pneumothorax In a case of severe asthma, recovery 
was accompanied by a progressive increase m mixing efficiency 
1 The significance of these findings is discussed 


Appendix 

Derivation of formulae 

Let V = Volume of mam circuit at the beginning of inspiration 
H = Initial volume of helium 
F = FRA 
T = Tidal air 

r = number of complete respirations 
F (V— T) 

^ V (F + T) 

Let the patient begm by breathing m 

On the assumption that mixing is complete both m the mam oircuit 
and m the lungs between each inspiration and expiration, consider the 
change m helium m the mam circuit 


No of respirations 
Initially 

1 Inspiration 
Expiration 

2 Inspiration 
Expn'ation 

rth Inspiration 
Expiration 


Helium in main circuit 
H 
Ha 

H (1 — b+ab) 

H (a — ab+a 2 b) 

H (1 — b+ab — ab 2 +a 2 b 2 ) 


H [(1— b) (l + ab+a 2 b 2 + 


Helium in lungs 
Nil 

H (1 — a) 

H (b — ab) 

H (1 — a+ab — a 2 b) 
H(b— ab+ab 2 — a 2 b 2 ) 

+a rl b rl )+a r b r ] 


where a = 


V— T 


and b - 


F 


and hence Q = ab 


V F + T 

Summing the geometric progression above, it follows that the volume of 
helium left m the mam circuit after the rth complete respiration is 


HV 


V+F 




1 + 


FQ r 




and the % helium after the rth complete respiration is 

100 H - f 1+ g Ql_ ~| Formula “A” 

V+F |_ V J 

From this, the number of respirations to produce 90% mixing is 

— Lhi — Formula “ B ” 

log Q 

These formulae were developed by J A Heady, statistician to the 
Hospital, and Mr F Meade of the M R C Pneumokoniosis Research Umt 
at Cardiff 
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VASODILATATION IN THE HAND IN RESPONSE TO HEATING 
THE SKIN ELSEWHERE 


By D MoK KERSLAKE and K E COOPER * 

( From the B A F Institute 0 / Aviation Medicine, Famborough, Hants) 

The application of moderate beat to small areas of skin is knoivn to give rise 
to generalised peripheral r asodilatation (1, 5, 0, 16, 10, 20, 23, 24) Pickering 
(10) heated the forearm and hand m uater at about 42°C and found that 
vasodilatation occurred m the opposite hand The response was absent 
v hen the circulation to the heated limb was arrested, and appeared when 
the occlusion was released The author concluded that the afferent stimulus 
causmg vasodilatation was an increase in blood temperature and did not 
derive from sensory endings in the skin 

Observations supporting this hypothesis vere made by Uprus, Gaylor 
and Carmichael (23), who measured the rectal temperatures and skin tem- 
peratures of the hands of subjects whose feet were placed in warm uater 
The rise m skin temperature was found usually to he coincident with a rise 
m rectal temperature, occurring after a delay of some minutes, although m 
some cases the rectal temperature was falling while vasodilatation took place 
The latter observation was frequently made alien heating was carried out 
by applying a hot air bath to the trunk No explanation for the finding was 
offered, and the authors concluded that the results upheld Pickering’s 
hypothesis On the other hand, the fall in rectal temperature might be 
expected if the vasodilatation w ere due to afferent nervous impulses from the 
heated area , an increased blood flow through the relatively cool limbs 
might result initially in a loss of heat to these regions greater than the 
absorption of heat from the warm air or water 

Generalised reflex vasoconstriction m response to local coohng was 
first described by Fran^ois-Franck (8) in 1876 It has since been fully 
confirmed by other workers (19, 20, 22) The nature of the constrictor 
response to cold was examined by Pickering, who found that vasoconstriction 
in the hand, as estimated by the Stewart calorimeter, occurred w hen the 
opposite hand and forearm were cooled with their circulation arrested (19) 
The constriction so caused was only transient, and the heat elimination of 

*W e nre grateful to the Director General of Medical Services, Royal Air Force, for permission 
to publish this paper 

Reference (6) is quoted bv kind permission of the Surgeon General, U S-A. F 

The thigh cuffs were kindly supplied by Messrs Short and Mason, Ltd London 
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the control hand returned to normal after a few minutes When the circula- 
tion was then released, a second, lasting, vasoconstriction was observed m 
the control hand, and this was associated with a fall m rectal temperature 
The mechanism of the constrictor response appeared therefore to be twofold 
and the operation of the two components can be seen m records of the 
response to cooling the unoccluded hmb (22) 

It is natural that analogous responses to heat should be sought, but, so 
far, conclusive evidence has been obtained only m the-case of vasodilatation 
m response to a rise in blood temperature (9, 19) Some results suggesting 
that afferent nervous impulses from the heated area may, under certain 
circumstances, produce generalised vasodilatation have been reported, and 
are reviewed by Duthie and Mackay, who themselves present further evidence 

(5) 

The heatmg of quite small areas of skin by infra-red hght was found by 
Bader and Macht (1) to cause a nse of skin temperature of the hand The 
delay in onset led these authors to conclude that with this form of heatmg 
afferent nervous stimuli did not initiate the response The skm temperature 
is not a good index of rapid changes m blood flow unless the ambient tempera- 
ture is low (6) and it is possible that these results could be explained 
satisfactorily in other ways 

The results to be presented indicate that when larger skm areas are used, 
vasodilatation m the hands is dependent at first upon the stimulation of 
nerve endings m the skin 

Methods 

The experiments were performed in a warm room at 20-28°C Air 
movement was kept to a minimum, and, apart from the sounds produced 
by the apparatus, silence was maintained 

The investigations were earned out upon healthy young male members 
of the laboratory staff, most of whom had previously been used in similar 
expenments The subject, wearing bathing trunks only, lay on his back 
on a stretcher, his head supported on a low pillow Heat was applied, either 
to the front of the trunk or to the front of the legs, by means of a radiant 
heat cradle The cradle consisted of a cyhndncally curved aluminium 
reflector three feet long, containing six 100 watt household electric hght 
bulbs The ends were partly closed m by metal The heat dissipation of 
the lamps could be reduced from 700 to 350 watts by introducing a senes 
resistance into the supply lead The area exposed to radiation when the 
front of the trunk was heated extended approximately from the clavicles 
to the knees The cradle was placed with its upper end level with the fourth 
nbs m front, so that the left arm could be conveniently placed for insertion 
into the plethysmograph When the legs only were heated, the upper end 
of the cradle was level with the middle of the femurs, and the radiation was 
carefully soreened from the abdomen 
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Blood flow in the left hand was measured hy means of a water filled 
venous occlusion pletliysmograph The plethysmograph was maintained 
at 30 °C and the water in the interior was circulated The collecting cuff 
was inflated to GO mm Hg at regular intervals automatically (13) The 
elbow and shoulder were supported on air cushions, so arranged as to ensure 
that no compression of nerves or vessels could occur The arm was not 
itself exposed to the radiation The final position of the apparatus vas 
adjusted under the subject’s instructions, so that he might be as comfortable 
as possible 

In some experiments the circulation to the legs was arrested hy means 
of large sphygmomanometer cuffs (18 in by 6m) applied to the upper part 
of the thigh and inflated to 200 mm Hg pressure 

Efforts were made to ensure that the subjects were as comfortable as 
possible Except in the experiments involving occlusion of the circulation 
to the legs, the subjects had no complaints, and all either dozed or fell asleep 
The constriction of the Hughs was unpleasant, hut not intolerably painful 
Little change in resting blood flow was observed when the cuffs were inflated, 
and it was concluded that the discomfort did not interfere seriously with the 
circulatory responses 

The method of interpretation of the blood flow' records is of some im- 
portance, and was carried out in the follouang way A pencil line was 
drawn parallel to the inflow curve, or to the early part of this if the whole 
curve was not straight The time marker produces vertical hnes on the 
record at preset intervals, so that the vertical distance between the points 
at which the pencil luie crosses the first and last time marks in the record is a 
simple function of the blood flow This distance was measured in arbitrary 
units hy placing on the record a mask made by photographing a graph paper 
lattice onto a lantern slide The comer of the lattice was placed over the 
first inter-section, and the horizontal hnes on the mask brought parallel 
with the reference hnes on the record The point of intersection, of the pencil 
hne with the last time mark was then read off from the lattice, whose abscissas 
were ignored The value obtamed m this way could be converted to absolute 
units by multiplying by a factor derived from the hand volume, the dynamic 
calibration of the volume recorder and the time interval between the first and 
last time marks on the record Individual flows were, however, usually 
expressed in arbitrary units, the conversion to absolute units being earned 
out only upon the averaged results of groups of flows Apart from the 
saving of labour, this method omits one step of approximation 

It will he noticed that the estimate of blood flow is based on the absolute 
rate of increase of hand volume during the first few seconds after the 
collecting cuff is inflated It takes no account of the possible trends in 
resting hand volume immediately preceding the application of the collecting 
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pressure It was felt that if the conditions of venous occlusion plethysmo- 
graphy are fulfilled, namely, that the collecting pressure initially prevents 
all venous return but does not affect arterial inflow, then the blood flow is 
represented by the absolute rate of change of hand volume, and the inclusion 
of the changes in resting hand volume is neither desirable nor justifiable 

Design of experiments When blood flow changes were observed over 
periods of 20 mm , readings were taken in groups of three every minute, each 
group occupying a total of thirty seconds, and the average of the three 
inflows was taken as the blood flow for the minute concerned 

In those experiments m which changes of blood flow during the first 
minute of heating were being examined it was not possible to average 
consecutive readings in this way, since the number of accurate readings 
obtainable could not exceed seven per minute A minimum of four seoonds 
of apphcation of the collecting pressure is needed m order accurately to 
compute the slope of the inflow curve, and an equal period must be allowed 
between readings so that the venous congestion may subside The influence 
on the results of spontaneous fluctuations m blood flow, winch may be large 
compared with the effects under investigation, was diminished by repeating 
the experiment a number of times and taking the average of the blood flows 
observed at corresponding times m the several experiments Since the blood 
flow was found to return to its resting level witlnn 30 sec of switching off 
the lights, it was considered that the repetition of experiments at intervals 
of four minutes was justifiable 

Results 

Prolonged heating of the front of the trunk After allowing sufficient time 
for the hand blood flow to stabilize, the heat cradle was turned on and 
observations of blood flow vere continued for 15 mm Typical results are 
shown in Pig 1 It will be seen that there is a rapid increase m blood flow 
reaclung a maximum after about 5 mm and maintaining this level for the 
remainder of the period of observation The vasodilatation is well established 
by the end of one minute of heating 

Changes during the first minute of heading In order to determine the 
time of onset of the vasodilatation more exactly, arrangements were made for 
inflow curves to be recorded at intervals of 8 sec (In other experiments 
this was increased to 10 or 12 sec ) After recordmg five such inflow curves 
the lights v ere turned on and recordings contmued The hghts were turned 
off after five readings, and a final group of five readings was recorded The 
experiment thus consisted of fifteen consecutive readings The cyole of 
apphcation and release of the collecting pressure was contmued, although 
records were not taken, and after two minutes the whole procedure was 
repeated A senes of experiments was performed at each session, the number 
being limited by the tolerance of the subject or the length of recording paper 
m the camera The reoords from the set of experiments were analysed and 
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arranged as in Table I The results were then averaged and converted to 
c c per 100 c c hand per nnn The results of the experiments m Table I 
and from two other sets of experiments earned out on the same subject on 
the same daj, but at different room temperatures, are shown in Fig 2 
In two of the sets the hghts u ere turned on at the end of the fifth inflow and 



Fig 1 Changes in hand blood flow during prolonged heating of the front of the trunk. Each 
point represents the mean of three inflow cum es 


off at the end of the tenth In the third, (resting blood flow about 20 c c /100 
c c /nnn ) the hghts uere turned on at the beginning of the sixth reading and 
off at the beginning of the eleventh It will be seen that in the lower curves 
dilatation begins between six and fourteen seconds after the beginning of 
heating The seventh reading m the upper curve falls during this interval 
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and does not show evidence of vasodilatation, uhich can therefore he supposed 
to begin approximately a quarter of a minute after the lights are turned on 
In some experiments the inflow curves taken at about this time showed a 
greater slope at the end than the beginning, and the onset of vasodilatation 
could be seen m the record As, however, such changes are occasionally 
seen m resting inflow curves, it is not possible to assign significance to any 
single observation of this type 


TABLE I 

Results of 8 similar experiments, in which blood flows were recorded at 8 see intervals, on subject 
D McK K Individual inflows arc expressed tn arbitrary units, the means being converted 
to c c /100 c c fhandjinin Lights turned on at end of the 6th reading and off at the end of the 
10 th reading 


Hand blood flows 


Reading 

Run 1 



Run 4 

Run 6 

j 

Run 0 

Run 7 

Run 8 

A\ erage 
o c/100 
c c / min 

1 


16 

13 

10 

7 

9 ' 


8 

7 1 

2 


14 

11 

10 

6 

9 


0 

0 7 

3 


13 

11 

12 

10 

7 


7 

7 0 

4 


12 

14 

10 

7 

0 


8 

7 7 

6 


17 

11 

13 


0 


10 

8 7 

6 

12 


12 

n 

11 

8 

ii 

7 

7 2 

7 

23 

21 

18 


10 

ID 

19 

17 

13 4 

8 

23 

22 



20 

21 

23 

19 

16 7 

9 

30 

28 

35 

30 

34 

20 

32 

25 

20 7 

10 

30 

33 

31 

32 

30 

34 

32 

34 

21 4 

11 

27 


22 

25 


26 

34 

31 

19 4 

12 

21 

15 

8 

13 


8 

12 

10 

8 0 

13 

18 

14 

12 

18 


9 

14 

16 

10 2 

14 

10 

11 

12 


13 

11 

12 

11 

8 5 

15 

18 

17 

13 

11 

10 

10 

14 

1 

8 

8 4 


The responses of all the other subjects studied were essentially similar, 
although the extent of the vasodilatation was not always so great A few 
subjects showed, particularly m the first few experiments on them, an initial 
constriction, the first observation after the lights were turned on being 
markedly lower than the resting 

A rough estimate of the extent of the vasodilatation in any group of 
experiments can be made by averaging the five resting blood flows and 
subtracting this amount from the average of the five flows observed during 
the period of heating The initial constriction in some of the subjects, which 
is probably due to the surprise occasioned by the sudden change in sensation 
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from the skin, will cause the results m these cases to be rather lower than 
the true values, but it has been thought best to include alLthe observations 
taken during the period of heating, and not to try artificially to eliminate 
tins factor 



Fig 2 Changes m hand blood flow dunng 40 sec of heating the front of the trunk. Three 
curves obtained at different room temperatures on the same day Upper curve, 6 expen 
ments at room temperature 28°C , middle curve 8 experiments at 24°C , lower curve, 
G experiments at 20°0 


The averaged results obtained at each experimental session for the six 
subjects studied are set out m Table II, and the mean increase in blood flow 
during the period of heating, calculated as described m the previous 
paragraph, is given m each case It will be seen that on every occasion, 
except one, the mean second reading after the lights are turned on is greater 



Change a in hand blood f low during the first minute of heating the front of the trunk Lights turned on at the end of the fifth reading and off 

at the end of the tenth 
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Lights turned on at beginning of sixth reading and off at beginning of eleventh 
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than the greatest mean flow observed during the resting period, so that it is 
reasonable to suppose that vasodilatation is established at or before the 
beginning of this inflow curve The time interval vanes from 12 sec (at 
7 5 readings per minute) to 18 sec (at 5 readings per minute) The exception 
to this, marked with an asterisk, is the senes already referred to and shown 



m Fig 2, w here the lights were turned on at the beginnmg of the sixth reading 
instead of at the end of the fifth The second reading during the penod of 
heating in this senes began only 8 sec after the lights were turned on In 
only two cases does the first reading during the penod of heating show evidence 
of vasodilatation (D McK K , 0 9 48) The figures are m these cases greater 
than the greatest resting flow, but such results would be expected to occur 
occasionally by chance and cannot be regarded as proving that the dilatation 
had begun within 9 sec of the beginning of heating The fact that both 
these observations were made during the same expenmental session (the 
high and low illumination runs were alternated) does, however, lend some 
support to the suggestion that the figures are not entirely w ithout significance 
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To summarise , the results of the experiments carried out at a rate of 
5 readings per minute place the onset of the vasodilatation between 12 and 
18 sec after the hghts are turned on , 6 readings per minute, between 10 and 
15 sec , and 7 5 readings per minute (including one staggered senes at a 
high resting flow), between 10 and 13 sec A figure of about 13 sec would 
be compatible with all these results 

The experiments earned out at reduced illumination show no evidence of 
a difference in time relations of the response, although the extent is markedly 
reduced The results of a senes of experiments using alternately half and 
full illumination are shown in Fig 3 The other two series, performed in 
the same way (K E C , G 4 49, and D McK K 20 5 49) give similar results 


TABLE m 


Subjeot 

Date 

Time of onset of vasodilatation 

High illumination 

Low illumination 

KEC 

11 10 48 

0 0 seconds 

0 0 seconds 

II 

II 

15 0 „ 

12 0 „ 

1) 

II 

13 2 „ 

— 

M 

»* 

12 0 

12 0 „ 

II 

II 

II 

11 6 , 

DMcKK 

8 1 0 48 

12 0 „ ; 

12 0 „ 

M 

II 

13 2 „ 

II 

II 

II 

— 

11 4 ,, 

II 

1 

12 0 „ 

II 

II 

II 

13 2 „ 

12 0 „ 

A JB 

1 11 48 

11 0 „ 

0 8 „ 

» 

II 

116 „ 

10 5 „ 



Meanl2 39 „ 

11 50 , 

WJK 8 

11 10 48 

12 0 „ 

' II 

»» 

II 

10 8 „ 

' “ II 

It 

» 

12 0 „ 

II 
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An attempt u as made to demonstrate the time of onset of the vasodilata- 
tion directly by means of the long inflow technique of Grant and Pearson (10) 
Under conditions of low resting hand flow, the inflow curve remains straight 
for as long as tu enty seconds before over fillin g of the venous reservoir causes 
it to flatten After a control inflow curve of this type had been obtained, 
similar ourves were recorded during the first tv enty seconds of heating, 
both at full and reduced rates Examples of the type of record obtained 



Fig 4 Changes in hand blood flow during heating of the front of the legs Bach cun e is the 
mean of three runs 


are shown in Plate 1 The onset of dilatation is abrupt and can he timed to 
within about a second These records are not easy to obtam, since it is 
important that the blood flow must be both stable and low A series of 
results obtained on different subjects is shown m Table III There is no 
significant difference between the mean times of onset at high and low 
illumination, or between the times of onset in different subjects 



TABLE IV 

Changes tn hand blood flcno during heating of the front of the legs Lights turned on at the end of the third reading, and off at the end of the experiment 
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Heating the legs In tins series of experiments the heat cradle was 
arranged over the legs and the radiation carefully screened from the trunk 
Sphygmomanometer cuffs were applied round the tops of the thighs 
Experiments were divided into three groups those m which the cuffs were 
inflated to 200 mm Hg but no heat was apphed , those m which heat was 
apphed, hut the cuffs were not inflated , and those in which heating was 
carried out with the cuffs inflated The heating experiments consisted of a 
short resting period followed by a period of heating of up to two minutes 
The control experiments were of equivalent length without heating The 
cuffs were inflated CO sec before the beginning of the experiments in which 
they a ere used Results were averaged m the same a ay as those shoam in 
Table I Typical results are shown in Eig 4, adncli are essentially similar to 
those obtained on ta r o other subjects A fourth subject, W K S , who gave 
a very small dilatation on exposure of the trunk to full illumination (see 
Table II) shoaled very httle dilatation alien the legs were heated 
Calculation of the correlation coefficient for the mean blood flows during 
the period of heating with the cuffs inflated gives a value of 0 78, and a value 
of p of less than 0 02 A definite increase m blood flow during the period 
of heatmg is thus demonstrated In no subject is there evidence that the 
occlusion of the circulation to the legs affected the vasodilator response to 
heatmg them The mean results of all the series of experiments are given 
m Table IV 

Discussion 

When areas of the skin are heated as described m this paper, it seems 
probable that the vasodilatation occurring m the hand results reflexly from 
changes in the temperature receptors m the heated skin 

This conclusion is strongly suggested by the short latent periods 
between the start of heating and the onset of vasodilatation, and between 
the cessation of heatmg and the return of the hand blood flow to its resting 
level Although it might be considered that warm blood from the heated 
skin of the trunk might reach the central heat regulating mechanism within 
a quarter of a minute of the start of heatmg, the delay in response to the 
termination of heatmg is not more than six seconds The circulation time 
from the lung to the tongue is known to be of the order of ten seconds, so 
that the peripheral circulatory responses cannot be explamed on the basis 
of changes m the temperature of the blood gomg to the head 

The inference that the initiation of the vasodilatation m the hand is 
due to nervous impulses m the heated area is confirmed by the results of the 
experiments in which vasodilatation was obtained when the legs were heated 
with their circulation arrested 

As has been pomted out m the introduction, if the rate of heat loss, 
consequent upon the vasodilatation m the unheated areas, exceeds the 
rate of heat absorption from the heated area, there will be a fall m the mean 
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temperature of the blood reaching the right heart, and probably, therefore, 
in the aortic temperature It is not considered that either the mouth or 
rectal temperature forms a good index of aortic temperature ( 3 ), hut 
measurements of both these quantities and of the temperature of the 
oesophagus at the level of the aortic arch have been made during the first 
ten minutes of heating 

In nearly all cases (65 out of 66 mouth temperatures, 11 out of 12 
rectal temperatures, and one oesophageal temperature) a fall of temperature 
has been observed, regardless of the direction of the resting temperature 
trend This conforms with the observations of some other workers on body 
temperature changes i mm ediately following a rise in environmental 
temperature (4, 7, 11, 14, 15, 17, 21, 23, 24, 25) 

The form of heating which has been employed may alter the pattern of 
afferent impulses from the skin m two ways , either direct stimulation of 
nerve endings sensitive to warmth may take place, or the aotivity of cold 
receptors, normally stimulated by the room air, may be reduced The 
latency, of about four seconds, in the reduction of the hand blood flow when 
heating is stopped is comparable with that described by Tran 5 o 1 s-Fran ck ( 8 ) 
for the cold constrictor reflex For this reason, it might he supposed that 
cold receptors in the skin become stimulated at this time There are, 
however, certain objections to this view Pickermg (19) described fatigue 
of the cold constrictor reflex, showing that remote vasoconstriction, caused 
by a cold stimulus, wore off in the course of about five minutes The hand 
blood flow of a rested subject, at the beginning of a senes of experiments, 
would therefore not be restricted by cold stimuli arising m remote slnn areas, 
and no removal of such vasoconstriction could occur during the first penod 
of heating Vasodilatation was, in fact, observed during the first experiment 
m every senes, and its extent did not differ significantly from that observed 
m later expenments m the same senes Furthermore, as will be seen from 
Fig 2 , heating has been earned out at room temperatures ranging from 
20°C to 28°0 , and the response at the lowest temperature was no larger 
than those at higher temperatures 

It is considered likely, for these reasons, that the removal of cold stimuli 
cannot satisfactonly explain the observed phenomena, and that vasodilatation 
in response to stimulation of the skin by heat (as opposed to the mere ■with- 
drawal of cold) has been demonstrated This conclusion is at variance with 
the results of a number of other workers (9, 16, 18, 19, 22, 23, 24), and it is 
necessary to attempt to reconcde these differences They may he due, in 
part, to the form of heatmg which has been employed A cabinet heated 
by lamps has been used by some (16, 23), hut the skin of the subject was not, 
m these eases, directly exposed to the radiation In other studies ( 6 , 9, 18, 
19, 22, 23, 24) warm or hot water has been used as a stimulus, being applied 
to the feet or the forearm and hand It is possible that the manoeuvres 
involved m immersing the hmb, or the unpleasant sensation which results 
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if the water is too hot, may produce a ps 3 r chic or reflex vasoconstriction m the 
control limb (IS, 23, 24) If the skin temperature or, to a less extent, the 
Stewart calorimeter vere being used as an mdex of peripheral blood flow 
m the control limb, the constriction might not produce a noticeable effect 
itself, but u ould delay the recognition of the start of vasodilatation Failure 
to elicit vasodilatation on heatmg the occluded limb m uater above 42°C 
(6, 0, 19) may be due to the considerable pain which is caused by this 
procedure Duthie and Slachay, for example, were forced to terminate the 
heating “ when the pain became intolerable ” (6) 

It is thought that the apphcation of a comfortably warm stimulus to a 
relatively large slun area produces nervous reflex vasodilatation m the hand 
more readily than does strong heating of a small skin area 

Summary 

1 The time of onset of vasodilatation m the hand, in response to 
heating the skin of the trunk by means of a radiant heat cradle, has been 
determined in six subjects, and was found to be betueen 10 and 16 sec 

2 The time of onset of vasodilatation is independent of the rate of 
heatmg, within wide limits 

3 Heating of the legs alone nas found to cause a vasodilatation m the 
hand of similar latencj', and this response was unaltered when cuffs round 
the thighs vere inflated to 200 mm Hg 

4 The vasodilatation was associated nitli simultaneous falls m mouth 
and rectal temperatures 

6 It is concluded that under the conditions existing m the experiments 
described, vasodilatation m the hand resulted from afferent nervous impulses 
arising m the heated skin of the trunk or legs 

0 The results are discussed m relation to previous observations 
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THE BLOOD FLOW THROUGH THE CALF AFTER EXERCISE 
IN SUBJECTS WITH ARTERIOSCLEROSIS AND 
CLAUDICATION 


By J T SHEPHERD * 

(From the Department of Physiology, The Queen's University, Belfast ) 


Various ergographs Have been devised to determine the claudication time 
in subjects until intermittent claudication, but so far no attempt lias been 
made to study the calf blood flows following the exercise Observations 
l\a\e, therefore, been made on 24 cases of arteriosclerosis These were not 
selected cases, but were the first 24 patients referred to this department for 
routine examination of their peripheral circulation Twenty-three were 
non-diahetic males, and one was a diabetic female With the exception of 
this fcmalo and one male, each of whom had a pregangrenous condition in 
one toe, the shin in all eases was healthy The pnrnarj complaint of all 
these patients was intermittent claudication 

Methods 

An ergograph has been devised in which tlio patient, by depressing a 
footboard on plantar-flexion, raises a 5 5 kg weight The mm ement of 
the footboard is transmitted to an indicator , a mark is placed on a scale 
behind the indicator and bj pushing to this mark through an angle of 33° 
the subject lifts the weight a distance of 26 cm By arranging the pointer 
of a metronome to move in parallel with tins indicator the subject, following 
the time of the metronome, works at a constant rate Tins constancy 
allows accurate comparison with subsequent tests The footboard is so 
arranged that the axis of its movement passes through the ankle joint as m 
walking, and ns the leg is kept horizontal wntli the thigh at an angle of 
about 00° to the leg, the posterior calf muscles perform the most work In 
addition, the incorporation of a free wheel between the footboard and the 
5 5 kg load allow s w ork to be performed on plantar- flexion only , the 
controlled descent of the weight by a suitably adjusted brake drives the 
footboard back in time with the metronome, so returning the foot to the 
dorsiflcxcd position Tins has the advantage that it allows alternate 
contraction and relaxation of the muscleE, the posterior calf muscles being 

* X winh to exprt^s ion thank* to Dr G M Class and Air E J Finnan for the largr* part 
thot played in the design and construction of the ergograph 
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relaxed on dorsiflexion instead of having to resist the descent of the weights 
This is important because it leads to a wide demarcation between the amount 
of work that can be done by the normal and the arteriosclerotic The 
normal adult male of whatever build can make 500 contractions at a rate 
of 24 per minute and shows no sign of fatigue or pam at the end of this time 
The arteriosclerotic with mild symptoms of claudication can make about 
150 to 200 contractions, while with more advanced disease, the patients are 
forced to stop with intolerable pain after about 35 to 80 contractions The 
pam produced on the ergograph was m all cases similar to that produced 
by walking 

In order to record the blood flows through the calf of the leg after 
exercise a celluloid plethysmograph with air recording was used This has 
the advantage that it causes the patient no discomfort The calf volume 
was measured by water displacement An 80 ml recording unit was adopted 
because of the large post-exercise flows obtamed m normal subjeots After 
the plethysmo graph had been apphed and the patient suitably adjusted on 
the ergograpli, resting calf blood flows were recorded until a steady base 
line had been obtained Exercise was then begun at a rate of 24 contractions 
a minute and continued until pam forced the patient to stop The number 
of contractions earned out is the claudication index The first flow was 
recorded on cessation of exercise, and it was possible m all subjects for this 
recording to begin withm a second of exercise ceasmg Thereafter, records 
were obtamed at 10, 20, 30, 45, 60 sec , then at f to 2 mm intervals There 
was one change m technique from that usually adopted m recording calf 
flows It is customary to inflate an ankle cull to just above systohe pressure 
to cut out the foot circulation about 30 sec to 1 min before recording a 
calf blood flow As the end point of the exeroise cannot be determined 
beforehand, and as this procedure causes an abnormal shortening of the 
claudication time, the ankle cuff was inflated to 80-90 mm Sg simultaneously 
with the oolleoting cuff (3) 


Results 

Grant (2) has pomted out that any material departure from the restmg 
forearm blood flows resulting from local exercise can be safely attributed 
to a change m muscle circulation It is probable that the same is true of 
the calf and that post-exercise recordings represent mainly muscle blood 
flow 

The behaviour of the oalf circulation m a normal individual following 
this type of exercise is illustrated m Fig I This and the other normal 
individuals were from the same age group as the patients It was found 
that 500 contractions could be earned out without symptoms Normal 
pulsations were present in the plethysmographio record The immediate 
post-exercise flow was high, and this was followed by a very rapid decline 
to the restmg level In addition, when ischaemic exercise was earned out 
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•with an 8' thigh cuff inflated to 200 mm Hg and then released just before 
the first recording, the immediate volume flow of blood was well above 
that obtained after 500 normal contractions, indicating that a considerable 
potential reserve was available 



The results obtained in the 24 cases studied can be divided into two 
mam groups, A and B, m both of which the number of contractions which 
could be carried out was well below 600 There was no age differentiation 
between the two groups 

Group A These subjects showed pulsations m the plethysmographic 
record even though these were usually less than normal The immediate 
post-exercise flow, though lower than m normal individuals, was higher 
than any which followed it, and there was a gradual slow dechne to the 
resting level Further, lschsemic exercise carried on to claudication dud not 
increase the immediate post-exercise flow (Fig 2) Twelve out of the 24 
cases fell into this group 
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Fig 2 Example of a Group A pattern Slight pulsations on plethysmogram Only 13_ 
contractions of left calf possible owing to pain The immediate post-exercise flow is lees 
than normal and the height of this flow is not increased by lschiemic exercise Notice 
the very slow return to the resting level The immediate post-exercise flow is, however, 
as in the normal, higher than the flows wbioh follow it 



Fig 3 Example of a Group B pattern Absent pulsations on plethysmogram Only 135 
contractions were possible owing to pain Note the low flow immediately after exercise 
with the subsequent increase, the maximum flow only being reached about 14 mm after 
cessation of the exercise The same phenomenon is present after 70 lschiemic contractions 
of the same muscles, and the initial flow is the same in both cases Note also that the 
immediate post-exercise flows are lower than the average resting flow 
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Group B These subjects showed complete or almost complete absence 
of pulsations m the plethysmographic record Immediate post-exercise 
flows were much lower than normal^ but instead of bemg higher than any 
that followed, the flows gradually increased to reach a maximum some time 
after cessation of exercise This pattern and the extent of the initial flow 
were unchanged if the exercise was earned out with the circulation occluded 
in the thigh (Bigs 3 and 4 ) Twelve out of the 24 cases fell m this group 
Table I gives details of the results obtained on them, and the remainder 
of this paper deals only with this group 



TABLE I 


Patient 

Average 

resting 

flow 

Immediate 

post-exercise 

flow 

Maximum 

post-exercise 

flow 

Time taken to 
reach maximum 
(minutes) 

RS 

43 

2 6 

9 4 

14 

EG 

4 9 

40 

10 8 


JJIcL 

7 7 

7 5 

10 8 

9 


5 0 

3 1 

10 8 

8 

WX 

38 

90 

19 4 

Vi 

W.MuG 

33 

67 

12 3 

7 

JAIoC 

1 8 

68 

16 8 

4 

SC 

5 4 

5 3 

9 0 

34 

WS 

3 8 

9 6 

17 6 

1 

3 

FJ? 

2 8 

12 0 

18 6 

24 

Yl A 

1 3 

45 

10 0 

1} 

A J 

1 7 

12 9 

16 8 

1 


Blood flows are expressed m ml./ 100 ml calf /mm. 
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In 3 of these subjects the calf blood flow immediately after exercise 
was below their average resting level Fig 6 shows the plethysmograpluc 
tracing from one of these cases In 7 subjects, the flow immediate^ after 



Fig 5 Plethyamogrnphio records of blood flow from a subject jd Group B 
A Resting calf blood flow (6 5 ml per 100 ml calf per mm ) 

B Calf blood flow immediately after exercise (4 1 ml per 100 ml oalf per min ) 

0 Maximum calf blood flow, 8 mm after the end of exercise (10 4 ml per 100 ml calf 
per mm ) 

exercise was higher than the average resting flow and m 2 it was about the 
same When the former 3 subjects were again exercised to claudioation 
immediately their initial flows after exercise had reached a maximum, the 
immediate flow following the second exercise again fell below the resting 
level (Fig 6) The same experiment carried out m 4 of the 7 subjects 
mentioned above, while it did not depress their flows below the resting level 
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after the second exercise did depress them well below the maximum post- 
exercise level For example, on one of these latter cases the resting flow 
was 4 1 ml /100 ml calf/mm , exercise was earned out to claudication, the 
first post-exercise calf flow was 8 ml and 90 sec later the flow had reached 
15 9 ml At this point exercise was re-commenced and again continued to 
claudication The flow immediately following this v as G 7 ml reaching 
15 4 ml 105 sec later 



Fig 6 Group B, absent pulsations in plethysmogram This demonstrates that when post- 
exercise flows ha\ e reached a maximum a further period of exercise again causes a decrease 
in oalf blood flow The first senes was recorded offer exercise to claudication (81 
contractions) Exercise was begun ogam earned to claudication after 77 contractions and 
the second senes of blood flows measured 


This finding of the gradual increase m flow after cessation of exercise 
was a constant one One of these patients was tested ten times over a 
period of 16 weeks, another weekly for 10 weeks and they never failed to 
shou it In only one case was it absent on a second testing This was a 
patient who had previously shown a well marked gradual increase m flow 
following exercise earned on to claudication, and had no evidence of this 
after consuming 6 glasses of whiskey and G bottles of stout prior to a second 
test 

In 8 of these 12 cases the circulation m the opposite calf was tested 
Tv o showed a Group B response, 3 showed a Group A response and in 3 the 
calf circulation appeared to be normal In 2 of these latter cases a comparison 
was made of the blood debt in the good and bad oalf by carrying out a similar 
number of contractions with both legs, the circulation being arrested m each 
by a 7' thigh cuff inflated to 200 mm Hg On release of this cuff after 
exercise the calf blood flows were recorded until the resting level was restored 
In the first of these patients the good calf had 72% of the debt of the bad 
one, and m the second the bad calf had 75% of the debt of the good one 
There does not seem, therefore, to be anj great difference m the blood debt 
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The exercise carried out by the patients m this group usually caused 
a transient rise m general blood pressure A fall m this pressure was never 
observed The presence or absence of the ankle cuff made no difference to 
the shape of the blood flow curve following the exercise Some of these 
patients, after the time taken for the pam to come on had been determined, 
were again exercised to just before this point, but this did not alter the 
type of result obtained Further, a period of 6-10 mm lschsemic without 
exercise induced by a thigh cuff at 200 mm Hg at the end of which time 
no pam was present m the leg, produced a typical Group B pattern (Fig 7) 
The severe pam produced by continuing the exercise as long as possible did 
not seem to cause any voluntary or involuntary tightemng of the muscles 
No difference m the muscle relaxation could be detected by palpation of the 
calf before and after claudication 



Fig 7 This shows the calf blood flows increasing after exercise in the absence of pain, and 
that a period of isohtemia without exercise can produce a similar type of response 


Of these 12 cases, 3 had had a lumbar sympathectomy performed 
3 weeks to 4 months previously In one the skm temperature of the toes 
and skin resistance of the leg showed no change m response to indirect 
heating earned out by immersing the hand, forearm and as much of the arm 
as possible m a stirred water bath at 44 5°C and there was, therefore, no 
evidence that the sympathectomy was incomplete One case, tested before 
sympathectomy, still showed the phenomenon after operation In 5 of the 
remainder neither indirect heatmg, nor the injection of 400-600 mg 
tetraethylammonium bromide intravenously just before cessation of exercise, 
nor paravertebral block had any effect on the pattern of the blood flow 
following the exercise 
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Discussion 

While the mechanism responsible for the gradual increase m calf blood 
flow after cessation of exercise has not been discovered, certain possibilities 
can be excluded Changes m general blood pressure can be ruled out as 
this generally rose and never fell following the exercise Pam is not a 
factor as the same results are obtamed m its absence In addition, the 
patients in Group A did not show this low post-exercise flow, even though 
the pain produced by exercise was probably as severe as that experienced 
by the patients in Group B Reflex vasoconstriction due to inflation of the 
ankle cuff is not the cause as it still occurs m the absence of this cuff The 
possibility of reflex or voluntary muscular contraction due to the pam and 
passing off with it was considered If the muscles were contracted m this 
way they might either reduce the arterial inflow (1) or, by compressing che 
veins, prevent regular venous filling during the recording of the flows As 
the phenomenon is independent of pam, however, it must be independent of 
the consequence of pam To palpation, the musoles were as relaxed 
following the exercise as they were before it commenced 

The sympathetic nervous system does not appear to be responsible for 
these findings, as the pattern of the blood flows after exercise was unchanged 
following sympathectomy and other methods designed to release sympathetic 
control of blood vessels 

The immediate flow following the exercise might represent the flow 
through the mam artery and the gradual increase which follows might be 
due to the opening up of collateral anastomoses If this were the explanation, 
then if exeroise was recommenced after the initial post-exercise flows had 
reached a maximum, the immediate flow following the second bout of 
exercise should be at least as high as this previous maximum This did not 
happen , the calf flow following the second exeroise was again markedly 
depressed (Rig 0 ) 

There are 3 remaining possible explanations for these findings — 

(1) A drop m perfusion pressure m the hmb, due to obstruction in the 
mam arterial supply and the muscle vasodilatation consequent upon the 
exercise For example, if an obstruction waB present high up in the mam 
artery gomg to the hmb, exercise of such a hmb would lead to a dilatation of 
the muscle blood vessels and a consequent lowering of the pressure distal to 
the obstruction In the event of a second obstruction being present m the 
artery just proximal to the blood vessels leading to the calf muscles, blood 
could be diverted mto muscle vessels proximal to the calf which are inevitably 
exercised to some degree during these experiments If a marked local fall 
in arterial pressure did occur m the hmb following the exercise it could be 
argued that the use of too high a collecting pressure might simulate these 
results by reducing the arterial inflow The same decrease m flow can still 
be obtamed, however, with a collecting pressure as low as 20 mm Hg 
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(2) Vasoconstriction followed by vasodilatation of the calf vessels 

(3) A combination of diversion and vasoconstriction 

"While various experiments have been carried out m an attempt to 
decide between these possibilities no definite conclusions have as yet been 
reached 

Finally the immediate flow after exercise may be supposed to give an 
indication of the arterial inflow to the exercising muscles during phases of 
relaxation and there is no evidence which suggests that the inflow dunng 
contraction is greater than during relaxation It therefore appears hkely 
that m these cases m Group B there was a reduced calf blood flow during 
the exercise as well as immediately afterwards 

Summabv 

1 An ergograph has been devised whioh, used m conjunction with a 
celluloid plethysmograph, enables the exercise tolerance of the posterior calf 
muscles to be assessed and the post-exercise calf blood flows to be determined 

2 Using this technique, 24 unselected cases of arteriosclerosis with 
claudication have been studied In 12 of these patients it was found that 
the calf blood flows failed to roach their maximum after exercise until some 
time had elapsed, this time varying from 1—14 mm with an average of 
about 0 mm 

3 This phenomenon could be due either to diversion of blood mto 
muscles proximal to the calf, constriction followed by dilatation of the calf 
vessels, or a combination of these two mechanisms The evidence at present 
available does not allow a conclusion to be reached about the mechanism 
concerned 
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THE CIRCULATORY CHANGES ASSOCIATED WITH 
ANEURYSM OF THE AXILLARY ARTERY AND CLUBBING 
OF THE FINGERS 


By K W CROSS and G M WILSON * 

(From the Department of Physiology and the Medical Unit, St Mary's 
Hospital Medical School, Paddington ) 


Unilateral clubbing of the fingers is uncommon, but interesting because 
of the information that may be gained concerning the circulatory changes 
associated with finger clubbing, as the normal hand is available for 
comparison Recent review s (10, 11) show that unilateral clubbing is most 
frequently associated with an aneurysm of the mam artery of the limb, 
either at its origin or in the proximal part of its course The present report 
is concerned with gross unilateral clubbing of the fingers and aneurysm of 
the distal part of the axillary artery 

Case report 

A male aged 03 years, married with no children, served in the Royal Mnrmes from 1003 to 
1919 and subsequently was employed as a general labourer In 1912 ho developed a penile sore 
for which he received treatment with mercury over a period of several months Thereafter 
he remained well until 1938 when a painless swelling appeared on the forehead This was 
incised on se\eral occasions, failed to heal satisfactorily, and was later diagnosed as a gummatous 
ulcer The condition subsequently responded to antisyphihtio injections and healed with much 
scarring In 1947 a lump was noticed one ecening m the right armpit There was no pain 
but the patient attributed the condition to straining himself a few hours previously by reaching 
up to lift a heavy box from a lorry No weakness or any other disturbance was noted in the 
limb The swelling has persisted unchanged to the present date In January, 1949, he noticed 
increasing abdominal distension and later swelling of the genitalia and legs Abdominal 
paracentesis lias subsequently been earned out repeatedly at intervals of two to six weeks 
Hjs general condition has recently considerably detenorated, his appetite has been poor and 
he has lost weight m spite of fluid retention He has had a cough and sputum for many years 
especially during the winter months, and has become increasingly short of breath on exertion. 
There ha\e been no other illnesses of note He was formerly a heavy spints drill Le'r (up to a 
bottle a day) but has been moderate in recent years 

On examination there was an irregular depressed white scar over the right side of the 
forehead, A few telangiectases were present on the face and purpuric spots were present on 
both arms There was no abnormal lymph node enlargement in the neck, axillte or groins 
The fingers of the right hand were conspicuously clubbed with definite curving of the nails, 
fluctuation of the nail bed and bulbous swelling of the pulp of the finger tips The fingers of 
the left hand showed changes suggestive of verv early clubbing — shght fluctuation of the nail 
bed and curving of the nails (Fig 1) After exposure for half an hour to ward temperature 
the right hand was alwavs warmer than the left The i eins of the dorsum of the nght hand 
also appeared slightly more prominent 

* \\ e wish to thank Professor G W Pickering for permission to investigate and publish 
this cose and both hi m and Professor A St G Huggett for laboratory' facilities and much 
helpful criticism , Dr E Rohan \\ llliams for the radiological examination Dr P N Cardew 
for the photography and the patient for his co-operation throughout the investigations 




60 


CROSS AND WILSON 


A firm pulsating swelling measuring approximately 6 X 4 cm in diameter was present 
in the right axilla, and apparently arose from the third part of the axillary artery (Fig 2) The 
pulsation was abolished by compressing the subclavian artery, but the swelling was not thereby 
reduced in sire The brachial and radial pulses on the two sides were of equal force No cardiRc 
abnormality was detected The chest was emphysematous with poor movement, faint breath 
sounds, generalised rhonchi and moist sounds at both bases The abdomen was grossly distendod 
with fluid The upper limit of liver dullness was m the 0th space the h\er edge was not 
palpable even after drainage of the fluid Rectal examination was normal Considerable 
cedema of the sacrum, genitalia and ankles was present No abnormality u ns detected in the 
nervous system 

Radiological examination of the chest showed moderate bilateral basal emphysema 
Diffuse fibrosis was present in both upper zones, the upper port of the right lower zone and 
the left mid zone The heart was not enlarged but a moderate prominence of the aortic knuckle 
was noted X ray of the right arm showed a soft tissue opacity in the axilla associated with 
minimal calcification X ray of the hands showed enlaigement of the subungual cancellous 
tufts of cortain of the terminal phalanges These changes were much more conspicuous on 
the right side No subperiosteal new bone formation was seen along the shafts of tho metacarpals 
or distal forearm bones 

Urtne Albumen, nil , sugar, ml Blood Wasserman and Kahn reactions strongly 
positive Thymol turbidity, 4 unite Serum bilirubin, 0 2 mg /100 ml Blood Hb, 13 4 g /100 
ml R B C 4,400, 000/cu m 1VBO C,600/eu m , polymorphs 70%, eosmophils 2%, lympho 
cytes 20%, monocytes 8% Plasma protein, 0 6 g /100 nil , albumen 2 5 g , globulin 3 8 g /100 
ml Plasma prothrombin 07% of normal Serum cholesterol 138 mg /100 ml 

The clinical diagnosis was cirrhosis of the liver, syphilitic aneuryBm of the axillary artery 
and pulmonary fibrosis, possibly syphilitic in origin 

The opportunity was taken of making further detailed observations on tho circulation in 
both upper limbs 


Methods 

Brachial artery blood pressures were estimated on the two sides by 
the auscultatory method using similar sphygmomanometers The readings 
were made as far as possible simultaneously and half way through the 
determinations the observers changed sides 

Digital artery systolic blood pressures were estimated by fitting cuffs 
2 cm in width around the proximal phalanges and plethysmographs over 
the distal two phalanges By means of an entirely air conducting system 
through wide bore rubber tubing the pulsations of the finger tip were 
transmitted to a soap bubble volume recorder (4) and photographed By 
inflating the cuffs above systolic pressure and reducing the pressure slowly 
it was possible to determine the level at which pulsations first appeared 
m the finger tip This was taken to represent the systolic pressure m the 
digital arteries at the base of the finger As it was not possible to photograph 
records from two soap bubble volume recorders simultaneously the following 
procedure was adopted Both plethysmographs were connected by tubing 
of equal length and bore through a Y piece to one bubble recorder and 
clamps were fitted to shut off each hmb of the Y m turn To change the 
reading from one finger to the other required about 10 sec The pressure 
m the finger cuffs was reduced until pulsations were seen and recorded 
from one finger Switching over to the opposite side it was then possible 
to demonstrate complete absence of pulsations and on returning to the 
first side to show that pulsations were still present 
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Tko venous pressures were measured relative to the sternal angle m 
two corresponding forearm veins with citrate manometers after the patient 
had been lying at rest for half an hour with the arms exposed Between 
the readings the arms were placed in different symmetrical positions to 
reveal any changes due to local compression 

Venous occlusion p 1 e tli y s m o graph s were used for recording the blood 
flow through the forearms and hands All the readings -were made with 
water in the pletliysmo graphs maintained at 34°C The forearm blood 
flow's were recorded with the hand circulation excluded by unst ouffs 
inflated above arterial pressure (200 mm Hg ) The tracings from the two 
sides were recorded simultaneously and every precaution was taken as 
regards position of the limb, placing of collecting cuffs, and amount of 
tissue included m the plethysmograph to ensure that results from the two 
sides were comparable Matched volume recorders writing on a smoked 
drum were used for tracing the inflow curves After a senes of observations 
the volume recorders were switched over to opposite sides and at the 
conclusion they were separately calibrated 

Heat elimination from the two hands was determined simultaneously 
m two Stewart’s calonmeters as modified by Greenfield and Scarborough 
(3) The two thermometers w'ere calibrated against each other and the 
difference between them over the range of 27-3 1°C was less than 3% 
Before observations were begun both hands were soaked for 25 minutes 
in a basin of stirred water from whioli the calorimeters w ere subsequently 
filled This procedure was designed to exclude temperature differences on 
the two sides due to external causes 

Venous blood samples for gas analyses were taken simultaneously 
under paraffin from two corresponding antecubital veins The limbs were 
exposed and at rest for one hour before the specimens were taken and 
congestion of the limbs avoided before and during withdrawal of the blood 
The subsequent gas analyses were carried out m the manometric Van Slyke 
apparatus 


Results 

The brachial artery blood pressures with the patient at rest m bed, as 
determined from the averages of three sets of two independent observers, 
were, right 133/85, and left, 130/80 

The pressure m the digital arteries of the middle fingers was determined 
by repeated observations on three different occasions with the patient 
sitting in a chair The pressure on the right side was always found to be 
higher than that on the left This finding was constant at different degrees 
of peripheral vasodilatation obtained by heating the patient The average 
of these results showed the systolic digital pressures to be, nght 145 mm , 
and left 128 mm 
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The venous pressures on the two sides showed no consistent differences 
and the difference between the Wo leadings was never greater than 2 cm 
of citrate solution The averages of the readings in different positions 
were, right + 17cm, and left + 0 7 cm 

Forearm blood flows were measured on two separate occasions The 
flow tlnougli the right forearm was slightly greater than through the left 
The results were 

TABLE I 


Forearm blood flow 



No of 
readings 

Right 

Left 

Date 

Forearm 
vol ml 

Blood flow 
ml /I00 ml /min 

j Forearm 
; vol ml 

Blood flow 
ml /I00 ml /min 

10 6 49 

20 

[ 525 

1 8 

516 

1 7 

ID 8 49 

23 

556 

2 4 

560 

22 


Of the 43 pairs of readings, 1 pair was identical, and in all the remaining 
42 the flow was greater on the right side 

Hand blood flows as determined by plethysmographs showed that m 
every tracing the blood flow through the right hand was considerably greater 
than that through the left (Fig 3) The hands were inserted into the 
plethysmographs to corresponding anatomical levels, but the right with the 
clubbed fingers was slightly larger 
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Tlie results were 


TABLE II 


Hand blood flow' 



Bight 

Left 

readings 

Hand 
a ol ml 

| Blood flow 

J ml /1 00 ml /mm 

Hnnd 
\ol ml 

Blood flow 
ml / 100 ml /nun 

26 

400 

j 21 0 

| ISC 

1 

12 S 


Tlie heat elimination was consistenth greater from the right hand 
throughout the period of observation, botli with the subject sitting at rest, 
and with the feet in hot water to produce \ asodilatntion m tlie hands (Fig 4) 
The results may be summarized 



tig 4 Simultaneous heat eliminations from both hands Continuous line right hnnd dotted 
line left hand. Thermometer readings at 1 mm internals The ordinate for the footbnth 
temperature in degrees centigrade u«cs the same numbers ns the beat elimination scale 


TABLE irr 
Hand heat elimination 


Duration of 
obsen-ntions 
ram 

j Right 

Left 

Hnnd 
\ol ml 

Heat elimination 
cal / 100 ml / mm. 

Hnnd 
\oI ml 

neat elimination 
enl /100 ml /mm 

70 

320 

62 3 

290 

4-1 0 
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The analysis of the blood samples withdrawn from the antecubital veins 
was carried out m duphcate by Dr J Hardwicke with the following results 



Right 

Left 

Oxygen vol pel cent 

8 4 

7 2 

Carbon dioxide vol per cent 

40 8 

45 5 


No abnormality was demonstrable in the sympathetic nerves of the 
upper Jimbs The vasomotor reflexes on the two sides were similar and 
entirely normal responses to placing the feet m hot and cold water were 
obtained Sudomotor and pilomotor activities were also unaffected as uas 
shown by normal sweatmg on the affected side and by the development of 
the “ goose-skin ” reaction on pinching the trapezius 

Discussion 

The shght degree of clubbing m the left hand is probably to be attributed 
to the cirrhosis of the hver and to the pulmonary fibrosis, while the greatly 
increased clubbing m the right hand is largely a consequence of the axillary 
aneurysm Several cases of unilateral cluhbmg of the fingers have been 
described m association with an aneurysm of either the subclavian or axillary 
arteiy (6, 10) The majority of these aneurysms have been in the region 
of the thoracic outlet and have been complicated by features arising from 
pressure on neighbouring nerves and veins Syphilitic aneurysms of the 
distal part of the axillary artery are extremely rare The case described is 
thus of exceptional interest, particularly as the swelhng was easily accessible 
for chmcal examination, and disturbance of neighbouring structures that 
might play a part m the production of the marked unilateral cluhbmg can 
ne excluded In some of the older case reports the hand distal to an 
aneurysm has been described as cold, blue, and swollen (8) These cases, 
as far as can be ascertained from the pubhshed records, have always been 
complicated by disuse of the limb resulting from brachial plexus lesions, by 
pressure on the subclavian vein, or by apparent complete obstruction of 
the mam arterial supply to the limb In such cases the mechanism of the 
production of the clubbing is obscure and it has been variously attributed 
to disturbance of the sympathetic innervation or to nse m venous pressure 
Furthermore, m many of the older reports there is no clear distinction drawn 
between clubbing, hypertrophy and oedema 

The results of the present investigation have all consistently shown 
that the circulation through the right hand was considerably increased m 
comparison with the opposite side This increase in blood flow on the 
right side was considerably greater than the variation observed m the com- 
parison of the two sides in the normal subjects by Cooper and others (2) 
The instrumental readings have thus confirmed the clinical observation that 
the conspicuously clubbed hand was always the warmer 
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It should be noted that the greater blood flow was associated with an 
increased oxygen tension m the venous blood on the right side It was not 
possible to obtain the blood samples at the same time as the limb blood 
flow -was being estimated and therefore results cannot be correlated with 
certainty If, however, it is assumed that the arterial oxygen saturation 
on the two sides is equal , that the blood flow determinations quoted above 
afford a representative picture of the proportionate increase on the right 
side , and that blood taken from corresponding antecubital veins gives a 
reasonable mixed venous sample of forearm and hand blood , then it can 
be concluded that the blood flow on the right side is considerably increased 
above the metabohc requirements of the part 

Brachial artery blood pressure measurements on the two sides with the 
sphygmomanometer showed no significant differences It uas, however, 
realized that this method was not ideal, for when the cuff is inflated the flow 
through the artery is stopped, and if it is to be argued that the presence of 
an aneurysm in some way alters the brachial artery flow it would be highly 
desirable to obtain pressure measurements with the arterial flow unobstructed 
Digital artery pressures by a cuff method were consistently higher on the 
right side These results suggest that there was considerable peripheral 
arterial vasodilatation on the more conspicuously clubbed side 

Similar clinical observations regarding the increased temperature of a 
unilaterally clubbed hand developed in association with a pulsating syphihtio 
arterial aneurysm and unobstructed distal circulation have been made in 
the past by several authors (7, 10) Richards and Learmonth (9) recorded a 
similar finding of increased warmth in a foot distal to a syphilitic pophteal 
aneurysm, and confirmed their clinical observations by skin temperature 
readings These authors made no mention of the condition of the toes of 
then patient but Sartor (11) has reported a case of clubbing of the toes 
secondary to syphihtio aneurysm of the femoral artery Brooks (1) has 
described a case of unilateral finger clubbmg m association with an aneurysm 
of the proximal part of the axillary artery Estimations of the venous 
oxygen saturation were made m the two limbs and the venous blood on the 
clubbed side was found to have a higher oxygen content In this respect 
his result was similar to that m our case No other measurements of the 
circulation m a limb with an arterial aneurysm and clubbing have apparently 
been reported Mendelowitz (7) investigated the circulatory changes 
associated with bilateral clubbmg of the fingers but his series did not mclude 
calorimetric observations on any case of unilateral clubbing secondary to a 
limb aneurysm In comparison with the hands of normal subjects he 
described m bilaterally clubbed fingers an increased blood flow and a 
decreased pressure gradient from brachial to digital artery His findings 
m bilateral clubbing arising from the commoner general causes were thus 
similar to those m our case when the markedly clubbed hand was compared 
with its relatively unaffected fellow 
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Tie evidence obtained from the investigations on the case reported 
above and from past records shows clearly that the change associated with 
a pulsating syphilitic aneurysm and unobstructed distal arteries is an 
increase in the distal circulation The temporal relationship between the 
development of the aneurysm, the increased peripheral blood flow and the 
clubbing of the fingers is of considerable interest It is generally agreed 
that the aneurysm precedes and brings about the finger clubbing The 
relationship between the increased peripheral circulation and the clubbing 
is more open to question as no measurements of the circulation have ever 
been made immediately after the formation of such an aneurysm It is, 
however, known that an event which reduces the peripheral arterial flow, 
such as spontaneous clottmg and subsidence of the aneurysm, leads to the 
disappearance of the clubbing (6, 6) Surgical excision leads to a similar 
result (12) 

In our oase the only abnormality responsible for the development of 
the marked clubbing on the right side -was the presence of the axillary 
aneurysm Tins was associated with an increase m the blood flow beyond 
it There was no evidence that the aneurysm had caused any venous 
obstruction 

The physical mechanism whereby such an aneurysm produces an 
increased distal circulation is difficult to elucidate A crude model of the 
arterial circulation was constructed in winch it was possible to show that 
the flow on the side containing a distensible sac was increased only if a 
valvular mechanism was present at the proximal entry to the sao, so that 
the added fluid from the elastic recoil of the sac was directed distally With 
such a valvular action at the entry of the artery possibly due to increased 
angulation during diastole the pulsating aneurysmal sac would greatly 
augment the distal blood flow In this connexion it is interesting to note 
that pophteal aneurysms of arteriosclerotic origin are not associated with 
an increased distal circulation (13) These aneurysms are usually elongated 
fusiform dilatations while those of syphilitic origin tend to be more spherical 
and saccular and thus more hkely to produce a valvular angulation at the 
point of entry of the artery In the past, attention has been chiefly directed 
towards the more spectacular and dangerous complications of syplnhtic 
aneurysms such as rupture, distal embolism, and pressure effects It has 
not been fully realized that uncomplicated they may be associated with a 
distal hyperremia It is tentatively suggested that this physical augmenta- 
tion of distal arterial flow, resulting in the fingers receiving more blood than 
is required for either heat elimination or nutrition of the tissues, leads to the 
development of the anatomical changes associated with clubbing of the 
fingers 

SusraiABY 

A case of cirrhosis of the hver and syphilitic axillary aneurysm 
associated with increased ipsilateral clubbmg of the fingers is described 
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The circulatory changes distal to the aneurysm consisted of an increased 
blood flow through the hand and a decreased pressure gradient m the arterial 
tree as compared with the unaffected side Tins increased blood flow was 
associated with a decreased oxygen consumption per unit volume of Wood 
The marked clubbing of the fingers of the right hand appeared to he 
associated only with these arterial circulatory changes 
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(a) (&) 

Fig 1 Dorsal and lateral \ lews of nght and left index fingers 



Fig 2 Axillary aneurysm 




THE EFFECTS OF INTRAVENOUS INFUSION OF MIXTURES 
OF L- ADRENALINE AND L-NOR ADRENALINE ON THE HUMAN 

SUBJECT 

By C de LARGY, ADM GREENFIELD, R L McCORRY and 

R F WHELAN 

( From the Physiology Department, The Queen's University of Belfast) 

Introduction 

The effeots of intravenous infusion of adrenaline and noradrenaline in man 
have been shown to differ in a number of respects Goldenberg el al (8) 
made a study of pulse rate, pulmonary and systemio arterial pressure, 
cardiao output and oxygen consumption m normal and hypertensive patients 
Adrenaline raised the pulse rate, the systemic systoho and mam pulmonary 
arterial pressures, and the cardiao output It lowered the total peripheral 
resistance Noradrenaline slowed the pulse, raised the systemic and diastolic 
and pulmonary artenal pressures, lowered the cardiac output, and raised the 
total peripheral resistance Barcroft and Konzett (4) confirmed the pulse 
rate and blood pressure findings, and Swan (12) has shown that while both 
adrenaline and noradrenaline constrict the hand vessels, adrenaline moreases, 
but noradrenaline reduces blood flow through the muscles 

It now seems clear that noradrenaline and adrenaline are both present 
m the adrenal gland, and may both be released from it Sohumann (11) 
has produced evidence for the presence of noradrenaline m pigs’ adrenal 
glands Goldenberg and others (7) have obtained evidence by paper 
chromatography that extracts of the adrenal medulla of cattle contain 
1 -noradrenaline as well as 1-adrenakne, and noradrenaline from this source 
has been isolated by Tullar (13) Holton (0) has shown that both noradrena- 
line and adrenaline are present m human adrenal tumours Observing the 
response of the denervated and innervated nictitating membranes and the 
blood pressure, Bulbnng and Bum (5) showed that m the spinal eviscerated 
cat, stimulation of one splanchnic nerve produced effects which could be 
matched by mixtures of adrenaline and noradrenaline, but not by either 
substance alone They concluded that noradrenaline as well as adrenaline 
is released from the adrenal gland The proportion of adrenaline varied 
considerably from cat to eat and fell with repeated stimulation Per- 
centages from 98% to 0% were found, most percentages bemg between 
80% and 20% 
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On the supposition that the human adrenal gland might also discharge 
a variable mixture of the two substances into the blood stream, it seemed 
important to investigate the effects of a number of such mixtures infused 
intravenously As far as we are aware, the only experiments in which the 
effects of mixtures have been observed m the human are those of Goldenberg 
and others (8) who infused mixtures of equal parts 

This paper presents the results of infusing a number of mixtures 
intravenously mto normal human subjects 

Methods 

Observations were made on 5 normal males aged 19 to 32 * All except 
one of these had previously acted as subjects for experiments on many 
occasions The subject sat m a chair for not less than 50 min before 
observations started During this time the plethysmograph and various 
pneumatic cuffs were applied, and during the last 10 minutes the intravenous 
ascorbic acid and saline mfusion was started The room temperature was 
maintained at 24 and the subject wore normal indoor clothing 
The rate of inflow of blood to the nght calf was measured with a 
plethysmograph filled with water at 33-34°C , and provided with a through- 
and-through ouff The occluding cuff diBtal to the plethysmograph was 
inflated to 200 mm Hg 5 25 mm before each drug infusion, and maintained 
at this pressure until 3 minutes after the infusion was completed, a total 
of 13 25 mm (10) The rate of blood inflow to the right hand was 
measured with a plethysmograph filled with water at 31-32°C , the hand 
being inserted mto a loosely-fitting surgical glove sealed to the plethysmograph 
opening The hand was supported entirely above a horizontal line through 
the sternal angle The collecting cuffs below the knee and above the wrist 
were inflated from a common reservoir at 70 mm Hg Blood flows were 
recorded at } mmute mtervals during the observation period , the collecting 
cuffs were inflated for 13 seconds on each occasion 

Arterial pressure was measured every minute in the left arm by 
auscultation The pneumatic bag was m Sated to about 200 mm Hg from 
the reservoir immediately after a blood flow observation, so that any effects 
of such an inflation on the next observation should be as small and as constant 
as possible The pulse rate vas determined twice a minute by countmg the 
number of pulse waves in 10 sec on the plethysmograph tracings 

Solutions were prepared usually within 30 mm and always within GO mm 
of their mfusion 0 9% sodium chloride containing 0 001% ascorbic acid 
was used for the continuous intravenous infusion, and for making up the 
drug dilutions Gaddum, Peart and Vogt (6) state that m the presence of 
this concentration of ascorbic acid, dilute adrenaline and noradrenaline 
solutions are stable for many hours Adrenaline solutions were prepared 

* AVe wish to thank R S J Clarke and AV Donaldson fol acting as subjects, and R 5 T 
Clarke for a great deal of assistance 
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Results 

The results of one of the 12 experiments are shown m Fig 1 The 
effects of the infusions on the calf hlood flow, the systolic and diastoho blood 
pressure and the pulse rate are clearly shown In the case of the hand 
blood flow, however, the base line fluctuations are so large that it ib difficult 
to assess the degree of ohange due to the infusion 
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Pig 1 The results of one of the twelve experiments reported in this paper The stippled 
columns indicate the periods of drug infusion. Dosage is given m miorograms of base per 
minute. A, of 1 adrenaline, B, of 1 noradrenaline 

The results of these experiments were averaged (Tigs 2-6) Every 
point on the graphs is the average of 6 observations In arriving at these 
averages it was necessary to deal with missed or doubtful observations, 
of which there were 48 in a total of 2,628 To omit them and hence to cal- 
culate some of the averages from less than six observations might have 
introduced a large error It was decided, therefore, to assign to a missing 
observation during a base line period before a drug infusion started the 
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average value of the other observations during that period, and to a missing 
observation during or after a drug infusion, a value midway between that 
of adjacent observations 

The results of one experiment on a Cth subject have been discarded from 
this report This subject developed a very high blood pressure, and alarming 
symptoms when a mixture containing mamly noradrenaline was infused (2) 
He has since been tested with graded doses, and the original dose has been 
repeated, producmg a response wit hin the normal range We do not thmk 
there can have been an error of dosage, but we considered it better to omit 
this anomalous result 

The heart rate Adrenaline, containing 12-18% noradrenaline, caused 
an increase in heart rate reaching a peak of about 26 heats per mm 1 6 mm 
after the infusion started, followed by a sustained increase of about 16 heats 
per mm (Fig 2) Noradrenaline caused a sustained fall of about 16 beats 
per mm The adrenaline effect predommated when a mixture of equal 
parts was given, and the effects balanced at adrenalme-noradrenahne ratios 
between 1 3 and 1 8 

The arterial blood, pressure Adrenaline raised the systolic pressure by 
about 16 mm Hg and lowered the diastoho pressure by 6-10 mm Hg (Fig 3) 
Noradrenaline raised the systohc pressure by about 10 mm Hg and the 
diastolic pressure by about 16 mm Hg The diastolic pressure was 
unchanged when a mixture of equal parts waB given 

The blood flow through the calf Adrenaline caused a large transient 
mcrease m calf blood flow which reached a maximum about 1 6 mm after 
the infusion started, followed by a smaller secondary increase (Fig 4) 
Noradrenaline decreased the blood flow The adrenaline effect predommated 
when the mixture contained equal parts, and with an adrenalme- 
noradrenahne ratio of 1 3, but the noradrenaline effect predommated with a 
ratio of 1 8 

The blood flow through the hand Adrenaline and noradrenaline both 
reduced the blood flow through the hand (Fig 6) The reduotion was 
greater with adrenaline Intermediate ratios all reduced the hand flow, 
but it is difficult to say from the results whether the effect of one or other 
substance predommated 


Discussion 

Our results with 1-adrenahne (containing 12-18% of noradrenaline) 
and 1-noradrenalme confirm those of previous workers (1, 4, 8, 12) 

A mixture of equal parts of adrenaline and noradrenaline has been 
infused by Goldenberg et al (8), but the mixture followed the infusion of 
noradrenaline alone, so that it is difficult to compare their results with our 
own 
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CALF BLOOD FLOW m\/ 100-1/ MIN. 

5 MINUTE INFUSIONS AVERAGE OF 6 EXPERIMENTS 


Fig 4 


Figs 2 5 The average results of infusion of various mixtures of 1 adrenaline and 1 noradrenaline D 

period of infusion, the solid black indicating the dose of 1-adrenal 
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S MINUTE CNfUSfONS 

Tig 5 

given in micrograms of base per minute A, of 1 adrenaline, K, of 1 noradrenaline The blocks represent the 
the cross hatclung the dose of 1 noradrennlme 
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We made our infusion intravenously to simulate the possible release 
of mixtures of the substances from the adrenal glands This tested the 
overall effect of the mixtures, and no conclusions can he drawn from our 
results as to the direct effects of the mixtures on the heart or the blood 
vessels of the skin or muscles 

Our results show an even gradation of response with the different 
mixtures A small quantity of either substance fads to block the effects of 
the other Generally, however, the adrenaline effects predominate m 
mixtures of equal parts 

Summary 

1 A senes of mixtures of 1-adrenaline and 1-noradrenabne have been 
infused intravenously into normal human subjects Observations have 
been made on the heart rate, the artenal blood pressure, and the blood flow 
through the hand and the calf 

2 With mixtures of equal parts the adrenaline effect predominates 

3 Opposing effects balance with mixtures containing 3 or 8 parts of 
noradrenaline for each part of adrenaline 
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POSTURAL CHANGES IN THE PERIPHERAL BLOOD-ELOW OE 
NORMAL SUBJECTS WITH OBSERVATIONS ON VASOVAGAL 
EAINTING REACTIONS AS A RESULT OE TILTING, THE 
LORDOTIC POSTURE, PREGNANCY AND SPINAL 
ANESTHESIA 

by W BRIGDEN, SHEILA HOWARTH* and 
E P SHARPEY-SCHAEER f 

(From the Department $ of Medicine, St Thomas’s Hospital 
and the Postgraduate Medical School ) 

Change from the horizontal to the erect posture m man is accompamed by 
little or no change m blood pressure Cardiac output is, however, 
significantly decreased in quiet standing m spite of Borne acceleration of the 
heart (13) Vasoconstriction must therefore occur to maintain the blood 
pressure Others have presented evidence that constriction takes place in 
the vessels of the skm of both trunk and extremities when the erect posture 
is assumed (18, 14, 12) This paper presents results obtained from the 
study of forearm blood-flow first of normal subjects tipped into the erect 
posture and, secondly, of some subjects m whom the blood pressure was 
not maintained in response to postural change 

Methods 

The majority of subjects were studied on a tipping table with the feet 
supported Eorearm blood-flow was measured with the venous occlusion 
plethysmograph (1) which was arranged so that the pressure m the vems 
of the arm was similar m the supine and the erect posture Cardiac 
catheterisation was performed and cardiac output measured by methods 
previously described (13) Intra-arterial and intra-cardiac pressures were 
recorded photographically usmg a condenser manometer (9, 10) It is 
difficult to obtam strictly comparable records of right auricular pressure 
when posture is changed In the subjects m which auricular pressure was 
measured, the centre of the right auricle was judged on an X-ray tipping 
couch m the horizontal and the erect positions and marked on the chest 
wall before the observations were commenced With the subject on the 
tippmg table, the manometer was then placed at the level of the corresponding 
mark 

* In receipt of a personal grant from the Medical Research Council 
\ We are indebted to R W Halls for technical assistance 
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Results 

N onnal subjects The results obtained m twelve normal subjeots are 
shown in Table I, and an example in Figure 1 On tilting the subjects from 
the supine to the erect feet-down position the forearm flow decreased sharply, 
the maximum decrease occurring immediately on tipping Thereafter, for 

Table I 


Normal subjects 


Case 

No 

Sex 

Age 

Forearm flow 
cc per 100 cc per min 

Systolic 

Syatolia 

blood 

pressure 

upright 

Heart 

rate 

supine 

Heart 

rate 

upright 

Supine 

Upright 
10 to 60 
sees 

Upright 

5 to 10 
mins 

pressure 

supine 

1 

M 

16} 

| 

45 

3 6 

40 

100 

108 

64 

90 

2 

M 

34 

2 0 

20 

22 

114 

104 

64 

72 

3 

M 

24 

30 

1 0 

1 3 


| ■ 


90 

4 

i 

M 

36 

. 

40 

24 

36 

126 

130 

69 

84 

6 

M 

27 

44 

1 9 

22 

132 

130 

j 70 

84 

32 

0 0 

i 

21 

136 

128 

04 

84 





3 6 



08 

92 

7 

M 

41 

gj 


22 

120 

116 

64 

80 

8 

M 

36 

H 

H 

3 0 

H 

116 

70 

84 

0 

m 

JBM j 

D 

2 0 

m\ 

■ 

84 

100 




05 

1 0 

120 


m 


11 

F 

13 

3 0 

1 0 

1 8 

106 

104 j 

72 

. 

100 

12 

M 

16 

42 

1 0 

2 6 

120 

mm 


100 


the next few min utes, the flow increased and m a few subjects approximated 
to the original supine flow In the majority of subjects, however, the flow 
in the erect posture remained at a lower level than that observed in the 
supine position On returning the subjects to the supine position the flow 
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in the forearm increased to the previous resting level Momentary 
constriction occurred occasionally m anxious or labile subjects on tipping 
backwards to the supine position, but this could usually be eliminated by a 
preliminary practice 



Fig 1 Normal subject In the ercot posture forearm flow decreases, blood pressure is 
maintained 

Continuous blood pressure recordings were taken from a needle m the 
brachial artery In general, little change m the mean pressure was 
observed although pulse pressure was decreased m the erect posture and 
the heart rate was increased In some subjects the blood pressure fell 
shghtly on tipping (Fig 2) , m others it rose (Fig 3) , and m several 
fluctuated within a narrow range Slowing of the heart with increased 
pulse pressure was observed in every subject when restored to the supine 
from the erect posture 

Continuous records of right auricular pressure reveal an immediate 
pressure fall when the subject was tilted into the erect posture (Fig 4) 
The difficulty of obtaining comparable readings in the two positions may 
have mtroduced an error of 1-2 cm saline, but from the records taken it 
would appear that the average decrease m mean right auricular pressure on 
assuming the erect posture was 7 cm of sahne 

Sympatheciomised subjects In two subjects m whom cervical sym- 
pathectomy had been performed no change in forearm blood-flow was 
observed on tippmg from the supme to the erect posture (Tig 5) These 
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observations would appear to indicate that the vasoconstriction observed in 
the normal subject was a vasomotor reflex, with the efferent pathway 
through the vasomotor nerves J 



Pig 5 Subject with sympatheotonused forearm There is no ohnnge in flow on tilting into 
the erect posture 

Vasovagal fainting Some normal subjects are unable to mamtain the 
erect posture on a tipping table without feeling faint These subjects may 
give a history of fainting easily all their lives An example is shown in 
Tig 6 On tipping into the erect posture tins subject showed the normal 
constriction m the forearm After a time, however, the blood pressure 
began to fall and the forearm flow increased in parallel, the maximum 
increase in flow occurring at the time of the lowest blood pressure , at this 
point too, the heart rate was slower than it had been previously On tipping 
back into the supine position blood-flow and blood pressure returned to 
previous levels When again tipped upright after the normal initial 
constriction he again showed the same phenomena The final fall of blood 
pressure was preceded by a short period m which the blood pressure fell 
shghtly and the flow increased shghtly This we have observed m others 
It would appear that when muscle vasodilatation commenced, accompamed 
by a fall m blood pressure, a subject could, consciously or unconsciously 
by voluntary or involuntary muscular movements, reverse the process, 
causing vasoconstriction and a rise m blood pressure However, sooner or 
later, full muscle vasodilatation occurred, the blood pressure fell to low 
levels and was accompamed by all the other phenomena of the vasovagal 
faint — bradycardia, sweating, pallor, over-breathing, unconsciousness and 
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occasionally epileptiform fits Blood pressure and forearm flow were restored 
immediately on tipping back mto the supine posture though pallor and some 
bradycardia remained 



Fig 0 Normal subject, showing muscle vasodilatation, fall of blood pressure and bradycardia 
m tlie erect posture (see text) 

Fainting in the erect lordotic position Prolonged standing m the erect 
lordotic position will frequently produce fainting, especially in young subjects 
The mechanism of this form of fainting is illustrated by case R N (Pig 7) 
He complained of fainting in queues, although a long distance cyclist of good 
physique Standing in the kyphotic position with one leg raised on a stool, 
ho showed normal constriction m the forearm, and blood pressure uas 
maintained On assuming the lordotic posture with the feet together the 
heart rate increased steadily to reach 180 per minute, forearm flow decreased 
further and blood pressure was initially maintained Suddenly, however, 
there was an acute fall in blood pressure, forearm flow increased, the heart 
rate slowed from 180 to 40, and the subject became unconscious 

The mechanism of this type of faint would seem to be as follows In 
the kyphotic posture, right auricular pressure, inferior vena caval pressure 
and cardiac output were decreased as m the normal subject Right auricular 
pressure and inferior vena caval pressure were measured by a catheter and 
a saline manometer In the lordotic posture, inferior vena caval pressure 
rose, while right auricular pressure and cardiac output fell further It is 
interesting to note that the cardiac output with a heart rate of 180 per 
minute was only 2 J litres per minute The lordotic posture therefore resulted 
m an obstruction of the inferior vena cava, probably at the level of the 
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diaphragm with considerable pooling of blood m the lower part of the body 
Measurements of inferior vena caval pressure by Bull (4) and by us m other 
normal subjects have shown a rise in the lordotic posture Subjects with a 
great rise of pressure exhibit postural albuminuria (4) as did case R N and 
the mechamsm producing the two conditions would appear to be the same 

Four other subjeots have shown similar vasovagal reactions and m six 
young subjects some constriction m the forearm vessels has been induced 
by the extreme lordotic posture 



Fig 7 Normal subject, showing muscle vasodilatation, fall of blood pressure and bradycardia 
with a rise of inferior vena caval pressure and a fall in right auricular pressure m the erect 
lordotio position (see text) 


Fainting in 'pregnant women A certain proportion of pregnant women 
null faint if maintamed m the strictly supine position (11) and the mechanism 
is probably similar to that described in the last section 

Figure 8 shows a typical result m a subject who had famted m a dentist’s 
chair Blood pressure, heart rate and forearm blood-flow were normal when 
lying on the side When the strictly supme posture was assumed, the blood 
pressure fell, heart rate increased and forearm blood-flow decreased On 
ta min g to the side again, the circulation was restored to normal No 
attempt was made to induce a faint with muscle vasodilatation in this subject 
as it was felt that too great a fall of blood pressure might be harmful 
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In 1924 Runge (17) observed that the venous pressure was higher in 
the leg than m the arm veins m late pregnancy and that the leg vein pressure 
fell after deln er^ When the venous pressure in the legs of a subject in late 
pregnancy was measured with a condenser manometer, it was found that 
the pressure rose 7 5 ems in the supine position, and fell on turning slightly 
to one side 



Tig 8 Normal woman, 38 weeks pregnant, showing decrease in forearm flow and blood pressure 
with tachycardia in the strictly supine position [see text) 

In late pregnancy, therefore, the uterus may obstruct the veins of the 
abdomen when the subject is m the strictlj supine position, causing a rise 
of venous pressure caudally, and a fall in pressure in the right auricle , the 
evnet pomt of venous obstruction has not as yet been determined Cardiac 
output has been found by Palmer and Walker (15) to decrease pari passu 
with the falling right auricular pressure m cases of late pregnancy maintained 
in the supine position 

Xornial a omen or a omen m early pregnancy shoved no change in 
forearm blood-flow or leg venous pressure with similar postural changes 

Fainting after spinal anaesthesia In the supine position, blood pressure, 
right auricular pressure and cardiac output are decreased following the 
administration of a spinal anaesthetic (1C) All subjects vhen tipped into 
a more upright posture showed a great fall of blood pressure and bradycardia 
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forearm blood-flow was studied m one case The sequence of events 
is shown m 3?ig 0 After the spinal anaesthetic, blood pressure and forearm 
flow were decreased m the supine position On tipping to 30 degrees from 
the horizontal, forearm flow at first decreased, then showed a sudden 
increase, at which time there was an acute fall m blood pressure, accompanied 
by the typical phenomena of the vasovagal faint 



Fig 0 Hypertensive subject A spinal onresthetio was given before the observations oharted 
above were made Muscle vasodilatation, fall of blood pressure and bradycardia follow 
tipping 30 degrees (sec text) 

Spmal anaesthesia would appear to produce not only arteriolar dilatation 
m the anaesthetized portion of the body, but also venous dilatation, Bmce 
right auricular pressure falls (16) Vasoconstrictor tone is maintained, or 
perhaps even increased, m the unaffected part of the body, though blood- flow 
falls off with a falling blood pressure When the subject is tipped into 
a more ereot posture, there is a further fall m the right auricular pressure, 
accompanied by a further fall m blood pressure and decrease in forearm 
blood-flow The constrictor tone m the muscle vessels of the unanaesthetized 
part of the body, hitherto maintained, is suddenly abohshed , vasodilatation 
occurs, accompanied by an acute fall of blood pressure Hypotension after 
spinal anaesthesia depends therefore on a number of factors , initially loss 
of arteriolar tone in the anaesthetized region is accompanied by a decrease 
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in cardiac output secondary to a decreased filling pressure of the heart , 
finall\, muscle vasodilatation m the unanrosthetired portion of the body 
reduces the blood pressure to very low levels 



Fig 10 Syphilitic paraplegia, showing muscle vasodilatation, foil of blood pressure and, in 
the second observation, bradycardia in the erect posture 

Fainting tn nenous diseases Diseases of the spinal cord may occasion- 
all} gne rise to postural fainting attacks (7, G) A patient with 
meningovascular syphilis w ho shoved this phenomenon nas investigated 
and 1 he results arc shown in Dig 10 The acute fall of blood pressure in 
(his subject was accompanied b\ a asoddatation in the forearm Decreased 
arteriolar and -venous tone in the lower extremities maj have played a part 
m this form of acute hypotension, as in the case of the subjects w ith spinal 
anesthesia On another occasion when ambient temperature was cooler a 
se\erc fall in blood pressure could not be produced (Fig 11) 

Discussion 

^*hen a normal subject is placed in the erect posture the veins of the 
lower part of the hod} dilate, the pressure in them increases and the filling 
pressure of the heart falls Cardiac output decreases in spite of cardiac 
acceleration, }et blood pressure is maintained A normal subject bled m 
the supine position shows a similar fall m right auricular pressure, and 
cardiac output, with again a cardiac acceleration and an unchanged blood 
pressure (13) Tipping into the erect posture may thus be regarded as a 
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functional haemorrhage Vasoconstriction in muscle blood vessels has been 
shown to occur m every case when tipped mto the feet down position and 
that this is a reflex phenomenon has been shown by its absence in the 
sympathectonnsed arm It is concluded therefore, that the blood vessels 
in muscle, as well as those in the skin and other organs, play a part in 
maintaining the blood pressure m the erect posture Previous studies of 



Fig 11 Same subject as Fig 10 On an occasion when ambient temperature was cooler 
conspicuous muscle vasodilatation and fall of blood pressure did not occur 


forearm blood-flow in normal subjects during bleeding, however, have 
shown no constant or significant changes provided that fainting did not 
occur (2, 5) The vasoconstriction occurring m muscle following postural 
change may perhaps result from the equivalent of a greater rate and amount 
of haemorrhage Continuous records of nght auricular pressure have shown 
this to he considerable immediately on tipping to the feet-down position 

Vasoconstriction vas also observed to occur in the forearm when the 
great veins of the abdomen were obstructed m cases of late pregnanoy and 
in the lordotic posture , the decrease m circulating blood volume in both 
types of case must also have been sudden and considerable 

If bleeding is continued, the normal subject shows an acute fall of blood 
pressure and a sudden slowing of the heart , at this stage it has been shown 
that vasodilatation occurs m muscle vessels (3) and that this is a reflex, the 
efferent pathway of which is mediated by the vasomotor nerves (2) 
Apparently normal subjects maintained m the erect posture on a tilting 
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table and susceptible young subjects kept m the lordotic posture show a 
vasovagal phenomenon indistinguishable from that produced by bleeding 
There is a profound fall m blood pressure with considerable cardiac slowing, 
and the postural vasoconstriction gives way to vasodilatation in forearm 
blood vessels In spinal amesthesia and disease of the spinal cord, the 
attacks differ solely in the fact that the blood pressure has already been 
reduced from other causes Fainting in late pregnancy is undoubtedly of 
the same type 

One case of psychological fainting observed fortuitously by us also 
showed the characteristic vasovagal syndrome, the acute fall m blood 
pressure being accompanied by an increase m forearm blood-flow, and a 
similar observation has also been made by Greenfield (8) “ Fainting ” m 

all types of case reported here, therefore, was found to be of vasovagal type, 
and there are no grounds for believing that the mechanism is not identical 
in all groups 


Susdxary 

1 When normal subjects were tipped from the supme to the erect 
posture there was a decrease in right auricular pressure and cardiac output 
and a decrease in the forearm flow The decrease m forearm flow did not 
occur in sympathectomised forearms Blood pressure was maintained 

2 Some normal subjects, with a history of fainting easily, show ed 
after a period in the erect posture vasodilatation m the forearm which 
paralleled the fall in blood pressure 

3 Some young normal subjects m the erect lordotic position showed a 
further fall of right auricular pressure but a rise of inferior vena caval 
pressure In spite of extreme tachycardia cardiac output fell to low levels 
Initial constriction m the forearm and maintenance of blood pressure was 
followed by forearm vasodilatation, fall of blood pressure and bradycardia 
The kyphotic position restored the circulation 

4 In late pregnancy, the strict supme position resulted m a fall of 
auricular pressure and cardiac output, a rise in leg vem pressure and 
constriction m the forearm The circulation was restored to normal by 
turning shghtly to one side 

It is suggested that the uterus may cause obstruction to the great veins 
inside the abdomen 

5 Following spmal amesthesia tipping into the semi-erect posture 
caused initial further constriction m the forearm followed by dilatation and 
a great fall m blood pressure 

A case of spmal cord syphilis showed similar responses 
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6 These fainting reactions are similar to those observed on bleedmg 
normal supine subjects It is suggested that they result from a greater 
amount of blood collecting in the vems of the lower half of the body and a 
consequent fall m right auricular pressure 
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big 2 Normal subject Arterial blood pressure in brachial arterj At the first signal the 
subject is tipped mto the erect posture and at the second signal is tipped back into the 
supine position This subject slioirs exceptional fall m blood pressure m the ereot posture 
Time marker in seconds 



H ig 3 Normal subject Continuous blood pressure record from the brachial arterj Vertical 
white lines are signals indicating first, tippmg into the ereot posture and secondly, tipping 
back mto the supine position In tins subject there was a slight rise in blood pressure 



Fig 4 Normal subject Right aunoular pressure tracing Zero represents centre of auricle 
Auricular pressure falls in the erect posture 




POSTURAL CHANGES IN PERIPHERAL BLOOD FLOW 
IN CASES WITH LEFT HEART FAILURE 

By W BRIGDEN and E P SHARPEY-S CHAFER * 

( From the Departments of Medicine, St Thomas’s Hospital 
and the Postgraduate Medical School ) 


Change of posture is a simple method of altering the venous pressure and 
has the advantage of rapid reversal Normal subjects showed a decreased 
forearm flow in the erect posture as compared with the supine position, and 
this decrease was mediated through the vasomotor nerves since there was 
no change m sympathectomised arms (2) This paper reports the effects 
of postural changes on forearm flow in cases with hypertensive, ischaemic, 
and valvular heart disease and anaemia 

Methods 

Forearm flow was measured hy plethysmography (1) and nght auricular 
pressure with a condenser manometer (3) Some subjects were investigated 
on a tipping table The more severely ill patients were studied m bed with 
the body propped up to 46 degrees when the bed was horizontal Forty 
centimetre blocks were placed alternately under the wheels at the head and 
the foot of the bed In the “ feet-down ” position this resulted m the body 
being about GO degrees from the horizontal and the legs inclined downwards 
at 16 degrees In the “feet-up ” position the body was about 30 degrees 
above the horizontal, and the legs raised about 16 degrees 

The subjects of this study were twelve patients who gave a history 
of attacks of acute dyspncea and all had had such an attack of manor or 
major degree withm forty-eight hours of the first observations bemg made 
Six other patients with hypertensive or aortic disease and enlarged left 
ventricles who did not complam of postural dyspncea were also investigated 

Results 

Results are shown m Table I and examples in Figs 1 and 2 In all the 
patients with left heart fadure the forearm flow decreased m the “ feet-up ” 
position showing a reversal of the changes produced by similar postural 


* We are indebted to R W Halls for technical assistance 




94 BRIGDEN AND S H ARP E T -SC H A F ER 



tipping table B = bed and blocks (sec methods) 
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oliango in normal subjeots or m patients with heart cbsoaso but no allaoks 
of dyspnoea (Table II) In many patients tho proooduro was ropoatod onoo 
or more with similar results 



Fig 1 CnRe 4 Hypertensive lionrt disease 



Ab will be seen m Table I tho initial vonous pressure was i unable and 
in two cases apparently normal Tho postural oliango m light aunoular 
pressure is illustrated in Fig 3 No significant oliango in blood prcssine 
was observed in Cases 1, 2 and 0 Cases 3, 7, ]0 and 11 showed a rise in 




TABLE II 

Casta i nthout postural dyspnoea 
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tipping table 
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the “ feet-up ” position The heart rate showed little variation The six 
patients uitli hypertension or aortic valvular disease but no postural 
dyspnoea showed the same response as normal subjects (2) 
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Fig 3 Caw 0 Hypertensive heart disease Bight auricular pressure curve, showing n rise 
in the feet-up position. 


Effect of acute nerve block In two patients the median, radial and ulnar 
nerves were successfully blocked with 4% procaine Tins procedure 
abolished the postural change m forearm flow (Fig 4) 

Effects of treatment As might be expected successful treatment of 
cases of hypertensive and valvular heart disease resulted m a reversal of the 
postural flow changes to the normal pattern In severe anaemia (0, 10) or 
prolonged recurrent haemorrhage (6) small transfusions may precipitate 
attacks of left heart failure Fig 5 shows the effect of postural change m a 
young male with recurrent haematemesis There was constriction m the 
“ feet-up ” position Nineteen days later following transfusion and iron 
administration the postural response was normal 

Effects of high initial arm vein pressure Since a number of cases of left 
heart failure had high initial venous pressure, it was thought desirable to 
study cases where the arm vein and jugular pressures were increased but 
cardiac function and right auricular pressure were normal Two cases of 
superior vena caval block u ere investigated (Fig 6) The venous pressure 
in the arms was greatly increased and the response to postural change was 
the same as in normal subjects In one of these cases a catheter was passed 
beyond the block m the superior vena cava and the pressure m the right 
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auncle was measured and found to be normal In the other case the function 
of the heart was normal and it is reasonable to assume that right auricular 
pressure was also normal 



Pig 4 CJase 9 Hypertensive heart disease Black circles show the response to posture 
in a normally innervated forearm White circles show the response in the same forearm 
when the radial, median and ulnar nerves werejblooked with 4% procaine 



Fig 5 Hrematemesis Black circles show postural flow response on admission when venous 
pressure was 4 cms above sternal angle , systolic blood pressure 85 inm.Hg and haemoglobin 
46% White cireles show flow response 19 days later when venous pressure was normal, 
systolic blood pressure 118 mm Hg and hremoglobin 81% 
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Discussion 

The results of postural change in cases with left heart failure are similar 
to those obtamed by changing venous pressure by other methods 

In cases of severe chronic congestive heart failure from hypertensive, 
lscluenuc, or valvular heart disease forearm flow was usually diminished 
When right auricular pressure was lowered by venesection the low forearm 
flow increased in spite of a fall of blood pressure (7) 



Fig 0 Superior vena caval obstruction The venouB pressure was 36 6 ems above the ante 
cubital % ein in both positions The postural flow response was normal 

Spontaneous attacks of acute left heart failure in similar cases were 
associated with a rise m right auricular pressure, the blood pressure increased 
and there was constriction m the forearm and hand (8) Similar changes 
were produced in normal subjects by giving rapid intravenous infusions 
so that right auricular pressure was raised to high levels The blood pressure 
rose and there was constriction m the forearm Rather smaller infusions 
produced the same result in subjects suffering from malnutrition (4, 6), 
myxeedema (8), or severe amerrua (9, 10) The cases with superior vena 
caval block had even higher pressures in arm and jugular veins but normal 
auricular pressure The normal forearm fion and normal response to posture 
m these cases indicate that constriction does not result from a nse of pressure 
distal to the superior vena cava 

The total evidence to date suggests that a rise of central venous pressure 
results in constriction of forearm vessels and that while great changes of 
right auricular pressure are needed in normal subjects, smaller changes are 
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effective m patients with disease of the chambers of the left heart These 
effects would appear to he a reflex of wlnoh the efferent pathways are the 
vasomotor nerves 

In practice measurement of postural ohange m forearm blood flow 
affords a simple and rapid method of determining the presence of potential 
left heart failure or of following the effects of treatment and other procedures 

Summary 

1 The effeot of posture on forearm flow was measured m twelve cases 
of hypertensive, lsehremic, valvular heart disease and severe anaemia with 
attacks of left heart failure In the “ feet-down ” position forearm flou 
was greater than m the “ feet-up ” position, a reversal of the findings in 
normal subjects and cases of hypertensive and aortic valvular heart disease 
without left heart failure 

2 No change m blood flow with postural change was found when the 
nerves to the forearm were blocked by 4% procaine 

3 Two cases of superior vena caval block with high \ enous pressures 
in the upper part of the body but normal right auricular pressures showed 
the same postural response as normal subjects 

4 In cases with left heart failure responding to treatment, the postural 
flow response changed to normal 

6 The effect of lowering venous pressure by change of posture m cases 
with left heart failure was similar to the effects of lowering venous pressure 
by venesection 
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VENOUS PRESSURE MEASUREMENT IN THE EOOT IN 
EXERCISE AS AN AID TO INVESTIGATION OE VENOUS 
DISEASE IN THE LEG 

By A J WALKER and C J LONGLAND * 

( From the Surgical Professorial Unit, St Bartholomew’s Hospital ) 

Until the recent revival of interest in the alleviation of the pam, ulceration 
and other results of venous lesions m the legs, the only radical treatment 
offered was ligation or excision of varicose, incompetent superficial veins 
Within the past feu years, however, the disabling sequel® of disorders of 
the deep veins have been treated by ligation of the superficial femoral (5) 
and the popliteal veins (3) It is particularly m the latter procedures that 
v o have been interested 

The available methods for investigating these cases have been based 
on the responses of visible superficial veins to changes of posture and activit} 
with and without a tourniquet compressing the superficial veins, and on X-ray 
photography of the veins following injection into them of a radiopaque 
substance Linton has measured the intravenous pressure m the femora] 
vein before and after occluding it, until the patient horizontal, so as to 
determine whether it should, or should not, be tied 

In order to measure the hydrostatic effects of venous disease, and to 
estimate accurately the response to treatment, we have studied the 
fluctuations in venous pressures m the legs under varying conditions Since 
the maximal effects of venous disease arc been in the loner leg and the 
maximal pressure xariations occur in the foot it is here that pressure 
measurements are most likely to be of value 

Recently Pollack and others (6) have apphed similar methods to the 
same idea and have investigated venous pressures m the foot in cases of 
x ancose veins secondary to deep venous thrombosis 

The present paper, begun before their findings were published, is 
concerned with the observations on 27 patients 

Venous hydrostatics in the leg at rest and during exercise 
At rest, whether in the horizontal or vertical position, blood is returned 
from the leg b\ the arterial vis-a-tergo which propels the blood towards the 

*X\e wish to acknowledge our indebtedness to Professor Sir James Paterson Rosa for great 
help in preparing this paper, to Hr F F Rundle for his interest and encouragement and to 
Mr John Hertford through Mr R S Hurley for providing some cases. 
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heart through passive venous channels It is clear, therefore, that the 
pressure m a leg vein with the hmb at rest should equal the pressure 
exerted by a column of blood extending vertically from the vein observed 
to the level of the heart 

That this is so has been shown by Smirk (8) in the course of investigations 
on cardiac oedema, by Beecher (4) while investigating the flow of tissuo 
fluids in the hmbs, and by Pollack and Wood (7) who were investigating 
normal venous physiology Our own results, whioh were obtained from all 
the patients investigated, whether their veins were normal or abnormal are 

FIGURE i 



CALCULATED HYDROSTATIC PRESSURE 

Fig 1 In this graph the venous pressures measured in the foot with the patients still (» e , not 
exercising) are plotted against the expected hydrostatic pressures calculated from the 
vertical height of the xiphistemum above the Ie\ el of the foot The line drawn is that of 
exact correspondence between the two The points fall fairly close to it The figures are 
given m Table I, columns 1 and 2 

given in Table I and Fig 1 Here the venous pressure in the foot* is com- 
pared with the calculated pressure exerted by a vertical column of water 

* All pressure readings in this paper are expressed as millim etres of mercury 
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extending from the foot to the xiphistemum It mil be seen that the 
venous pressure in the foot at rest is related directly to the vertical height 
of the xiphistemum aboxe it, and that this is so \\hato\er the state of the 
leg veins The pressure m a vein of the foot in a man of ordinary height 
v lien standing Btill is of the order of 90 mm Hg 

During exercise, m the normal person, a second noil known factor 
comes into play, namely the compressing action of the muscles acting on 
patent yielding veins with functioning valves The blood is thereby lifted 
from the foot towards the heart and the pressure m the veins of the foot is 
so diminished that the superficial veins maj r sometimes be seen to empty 
In normal people, the pressure m the foot veins during walking lias been 
shown by the foregoing observers to fall markedly, to a level of about 20-30 
mm Hg , and we liavo assumed that the extent of the fall would furnish a 
measure of the overall efficiency of the leg veins 

A technique of venous manometry 

The problem of measuring venous pressures during exercise has been 
solved by the introduction of translucent, flexible, non-irntant polythene 
tubing Direct cannulation w as preferred to the use of a capsule as described 
by Beecher since direct are always preferable to indirect measurements, and 
since in the presence of much oedema or thickening of the subcutaneous 
tissues, a \em suitable for a capsule might not be mailable The apparatus 
used consists of an ordinary mercury sphygmomanometer connected by way 
of a three way cock to its air pump and to a removable sterihzable bottle 
The air pressure in this bottle can therefore be regulated and measured 
The bottle is half filled with heparinized normal saline, and a glass tube, 
narrow at its outer end, passes through the cork and reaches almost to the 
bottom Into this tube is inserted one end of a 5 foot length of medium 
sized (Size 2) polythene tubing (Allen and Hanburys), an air tight joint 
between the two being made by a piece of narrow rubber tubing 

The other end of the polythene tube is inserted well into a vein on the 
dorsum of the foot m the conscious patient by cutting down on the vein 
under local amesthesia The tube is tied m, the skm is closed by two fine 
stitches and a firm elastoplast dressing is apphed, the tip of the tube in the 
vein being clear of the elastoplast The patient, who should have had no 
pre-operative medication and who should understand what is required of 
him, then stands perfectly still The manometer is put at the same level as 
the patient’s foot and blood will be seen to rush into the translucent polythene 
tube It is checked by raising the pressure m the bottle to about 00 mm Hg 
Tins pressure is then adjusted until the blood-sahne junction remains station- 
ary The manometer reading is recorded and repeated several times The 
height of the stemo-xiphoid joint is measured to allow comparison between 
the actual and expected pressures 
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TABLE I — continued 



* Previous ligation of tho superficial femoral vein, 
f Previous lumbar ganghonootomy 
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- The patient is then asked to mark time smartly, raising each foot 9" 
sixty times per minute and readings are repeated as above Several 
consistently close readings aie usually obtained after the first few steps 

The exercise reading is repeated with a rubber tourniquet m place 
below the knee m an attempt to out off the flow in the superficiarvems at 
this level This is a handicap to venous return if the deep system is blocked 
at this level but improves the return if the superficial system is incompetent, 
and these alterations are reflected m the exercise pressure 

The tube is then clamped close to the foot and cut off here, an ascending 
phlebogram* being made, with the patient hoiizontal and the superficial 
vems obstructed at the ankle, using the polythene tube as a cannula for the 
injection , a 16" X 12' cassette is used behind the upper leg This outlines 
any blocks m the greater part of the femoral and popliteal vems At the 
conclusion, the polythene cannula is withdrawn without disturbing the 
dressing and a pressure bandage is applied over the elastoplast 

This technique provides three pieces of information the venous 
piessure in the foot with the patient standmg still, the pressure on exeroise, 
and a record of the anatomical state of the popliteal and most of the femoral 
vem 

The method has a satisfactory degree of accuracy for clinical work 
Tor pressure measurements made with the patient standing still, consecutive 
readings are very close, and a scatter of more than 4 mm Hg is exceptional 
Readings at rest obtained in the same patient at intervals of several days, 
a different vein m the same foot often having been employed on the two 
occasions, gave mean figures varying by 0-7 mm Hg , average 3 6 in 7 
patients 

The exercise readings are a httle more difficult to get because of the 
movement of the polythene tube and because of variations m the patient’s 
effort Pollack and Wood’s (7) careful work on the normal has shown that 
there is httle change m pressure whatever the speed of walking over 1 7 
m p h Thus usually, provided a moderate effoit equivalent to a slow walk 
is maintained oi exceeded, the venous pressure is kept about constant at its 
exercise level While it is not possible by the simple method of marking 
time which we have used to ensure that all patients undertake precisely 
similar degrees of effort, the effort prescribed is considerably m excess of 
that required to maintain the pressure at its exercise level, so that comparable 
exercise pressures are obtained The scatter of readings is usually witlim 
10 mm Hg 

* By “ ascending phlebography ” is meant the injection of radio-opaque medium into a 
i ein in the distal part of the limb , X ray films are then made of more proximal parts of tho 
limb and demonstrate the filling of the veins by the medium moi mg with the venous current 
in the normal (centripetal) direction 

Bv “ descending phlebography” is meant the injection of radio opaque medium into a mam 
vem at the root of the limb , the filmH are then made of the more distal parts which are angled 
to 46° below the site of the injection Gravity will cause some of the medium to run m a 
centrifugal direction 
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In some abnormal cases however, we have found that variations of 
effort about the prescribed level produce fluctuations of as much as 20 
mm Hg This in itself is an abnormal finding In interpreting the results, 
the scatter of the readings must be borne in mind but no difficulty arises in 
practice 

If the available vein will admit only the small size of polythene tubing 
(Size 1 A and H ) the increased friction renders the exercise pressures a 
little more difficult to obtain and the scatter is wider No mconvemence 
has follow ed the observations other than mild inflammation around an 
unabsorbable luien ligature The procedure can be readily carried out on 
out-patients 

Findings in untreated cases 

Normal leg veins 4 patients were volunteers having nothing to suggest 
any abnormality of the leg vems tested One was a man who had an 
unexplained pain in the legs and one had a mild coarctation of the aorta 
and a diminished flow of blood mto the legs They were active men, aged 
20-32 

The pressures measured are given m Table I and the exercise falls are 
shown m Fig 2 It will be seen that the exercise pressures vary between 
0 and 28 mm Hg 

The figures obtained by other investigators who measured venous 
pressures during exercise near the ankle m normal subjects are summarized 
m Table II Smirk’s (8) technique did not allow the foot to be raised and 
he was therefore unable to imitate walking , there was a large scatter in 
his exercise readings, which are the first to have been reported Beecher’s 
(4) results with “ high steps,” the heel being raised 25 ems from the ground 
40 times a minute, and Pollack and Wood’s (7) with actual walking m a 
treadmill appear to be comparable with ours 

Excluding Smirk’s (8) figures, therefore, it would seem that the highest 
walking pressure winch can be considered as compatible with a norma] deep 
venous system is probably 40 nun Hg 

Lymphatic oedema Three patients have been investigated, all women, 
who had had oedema of one or both legs for 35, 8 and 1 years None had 
symptoms of venous disease Their only trouble was a heavy aching feeling 
m the ankle due to the w'eight of the oedematous tissue Ascending 
phlebograms were normal in each case 

The pressures measured are given in Table I and Fig 2 Since all 
were below 40 mm Hg these results were thought to be good evidence that 
the oedema was of lymphatic and not venous origin 

Superficial varicose veins The 7 patients investigated all had marked 
reflux m the great saphenous system Two had associated ulcers and one 
had varicose eczema Apart from discomfort around ulcers or distended 
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veins, pam was absent in this group The veins on the dorsum of the foot 
emptied readily with exercise when a tourniquet was apphed below the 
knee m all cases In 5 of the cases oedema did not occur 

Two of the patients with skin changes had a history of slight inter- 
mittent oedema of the ankle Both of these are of particular interest The 
first (B R ) exhibited varicose eczema without ulceration The ascending 
phlebogram showed normal filling Despite the easily demonstrable 
saphenous reflux, the exercise pressure even "without a tourniquet fell to 20 
mm Hg Clearly the venous pump may have a large working margin 


FIGURE 2 



Fig 2 Shows the effect of exercise on the \enous pressure m the foot in subjects with normal 
and diseased veins Each line shows the change m pressure for one subject resulting from 
exercise, with or without a tourniquet below the knee 


since it can empty the leg satisfactorily, as shown by the normal exercise 
pressure, though handicapped by a considerable leak back through the 
superficial vein The second (P I ) exhibited ulceration He gave a history 
of white leg 6 years before following pneumonia Ascendmg and descending 
phlebograms showed patent deep veins without reflux, and on exercise 
with a tourniquet the venous pressure fell to 15 mm Hg The thrombus 
which must have been present m his deep mam veins had evidently been 
removed with preservation of functioning valves, a remarkable event 
considering the dehcacy of their structure 
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In general, oedema was not a feature of this group and the precise reason 
for its occurrence m two cases, though to a minimal extent, is not apparent 
No ahnormahty of the deep veins was demonstrated m tins group 

The pressures recorded are tabulated m Table I and shown graphically 
m Tig 2 It will be seen that the exercise pressures remain much higher 
in most cases than in the groups with normal veins This is another expres- 
sion of the fact, well demonstrated by watching the superficial foot vems 
in exercise, that gross reflux in the superficial system usually impedes 
emptying of the foot veins hy a normal deep system The considerable 
handicap to venous return which these figures clearly demonstrate, however, 
may not produce skin changes and commonly does not produce oedema 
The use of a tourniquet to obstruct the superficial vems below the knee 
reduced the exercise pressure to about normal levels In three cases in 
which the exercise pressures v ere agam read after completing the operation 
for saphenous reflux, the readings were intermediate between those obtained 
with and without tourniquet beforehand That is to say the reflux was less 
w ell controlled by the operations than by the tourniquet (Table III ) The 
operation consisted of ligation of the great saphenous vein at its junction 
with the femoral vein and of all its tributaries at this level , the great 
saphenous vein was also ligated in the lower third of the thigh and m some 
cases m the upper third of the calf as well 

Thrombosed femoral vein The 4 patients in this group had swelling 
of the legs and recurrent ulceration or dermatitis about the ankle, dating 
from trauma or an infection of the leg between 1£ and 10 years previously 
In one case there was a heavy feeling m the limb , otherwise, apart from the 
ulceration, pain was absent Ascending phlebograms and descending 
phlebograms were done m each case, and showed a block of the lower part 
of the femoral vem The results are shown m Table I and Tig 2 

It will be seen that the exercise pressures are high and differ from the 
vancose vem group in remammg high, when a tourniquet is applied below 
the knee to compress the superficial vems 

Incompetent femoral vein In this group of 8 patients, one of whom had 
both legs affected, pam of a bursting character m the dependent leg was a 
constant feature Swelling of the leg was also constant , ulceration or 
dermatitis occurred in 4 In 5 cases there was a clear history of antecedent 
thromho-phlebitis following trauma, childbirth, or pneumonia In the 
remammg cases the onset was less clear cut and may have been due to a 
quiet plilebothrombosis, or to a primary valvular failure akin to that 
occurmg m varicose superficial vems Descending phlebograms were done 
m all hmbs but one and shoved patent incompetent femoral vems, the 
contrast medium m the femoral vem running readily downward toward the 
knee from the groin 
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On the evidence of the descending phlebogram three of the patients 
had been treated by ligation of the superficial femoral vem m the grom 
before pressure measurements m the foot were undertaken Ascending 
phlebograms were done m all limbs but one (m which the descending 
phlebogram showed a patent incompetent femoral vein) at the time of the 
pressure measurements In the untreated patients patent femoral veins 
were outlined In those m whom femoral ligation had been done the 
contrast medium readily found its way upwards past the ligature by large 
channels such as the profunda femons vein This fact and the pressure 
measurements suggested that the ligatures had not materially altered the 
venous function , and these hmbs are therefore considered with the untreated 
cases of incompetent femoral veins The exercise pressure are shown in 
Table I and Fig 2 

It will be seen that the exercise pressures are high and are not decreased 
by the use of a tourniquet which compresses the superficial veins They 
thus do not differ from the exercise pressures found m the femoral vem block 
group These two groups are differentiated by the phlebogram which shows 
a patent femoral vem in the incompetent group An ascending phlebogram 
is clearly sufficient for this purpose, so that an incision in the grom and 
descendmg phlebography are unnecessary according to our observations 
In the group presented here descendmg phlebography was necessary m 
order to select cases of incompetence on which pressure observations could 
be made It is, of course, a valuable confirmatory step 

Findings after ligation of deep veins 

Ligation of the superficial femoral vein (Table I ) Three patients 
treated by this method are referred to m the previous section No change 
m their clinical condition was noted, a disappointing result In one patient 
having both legs simdarly affected femoral hgation had been performed on 
one side A year later no difference whatsoever could be made out between 
the two hmbs clinically or radiographically except that phlebograms showed 
the contrast medium to be taking different courses m the two hmbs The 
exercise pressures in the two hmbs were the same 

Ligation of the popliteal vein Ligature of the pophteal vem is a 
procedure of promise and was introduced by Gunnar Bauer (3) m an 
interesting paper m 1948 In it he divides his cases of femoral venous 
mcompetence into two etiological groups, those due to recanalization of a 
previously thrombosed femoral vem and those arising as a primary 
mechanical valvular failure The presenting symptoms are a bursting 
feehng in the calf when it is dependent, usually associated with mild oedema 
and cyanosis of the foot These symptoms are reheved by elevation of the 
limb Malleolar ulceration difficult to heal, often associated with pigmenta- 
tion and subcutaneous fibrosis and eczema of the lower leg, usually develops 
m time 
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Selecting cases by these criteria he establishes the diagnosis by means 
of a retrograde phlebogram, which distinguishes them from those having a 
blocked vein This procedure has been commented on above Six of the 
patients (7 hmbs) m our incompetent femoral vein group have been 
investigated and treated by his methods Ascending phlebography and 
venous pressure measurements were also done Of these, three had had 
previous superficial femoral vein ligation performed without benefit as 
mentioned above 

TABLE II 


This table summarizes the findings of previous authors on normal subjects The 
figures have been converted tnlo mm Hg 


Authors 

1 

No of | 

subjects 
investigated 

Typo of 
exercise 

Exercise pressures 
recorded 

Method 

Range 

Aterage 

Smirk ' 

5 

Flexing knees and 

07-25 

Insuff 

Venepuncture and 



ankles e\ ery $ sec 


data 

water manometer 

Beecher 

in 

40 steps per min. 



Indirect method using 



Low steps 

35-11 

21 

capsule to collapse 



High steps 

25-7 

15 

\eins 

Pollack 

10 

Walking at 


I 


and 


1 lmph 

25 3-11 

; 22 3 

Venepuncture 

Wood 


20 

38 -13 

24 3 

measurement with 



an 

43 2-10 

23 0 

strum gauge mnno 





1 

meter 


TABLE in 


Effect on venous pressure of operation for varicose veins 



Pressure 
at rest- 
standing 

i Pressure during exercise 

! pre-operative!} 

i 

Pressure during exercise 
post-opera tavely without 
tourniquet 

1 

W ithout 
tourniquet 

With 

tourniquet 

HL 

100-3 

59 

25 

1 37 

LC 

84 

G4 

35 

67 

MC 

84 

! t 

04 

5 

40 

t 


The operation of popliteal vem ligation was performed according to the 
method of Gunnar Bauer (3) through a vertical 3" incision m the upper half 
of the popliteal space The vem was tied and divided and a piece taken 
for section Several such segments showed evidence of past thrombosis 
The venous pressure measurements were repeated 10 to 14 days later vith 
the patient fully ambulant The results as reflected by the exercise pressures 
are shown in Table I 
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Four of the 7 treated limbs show a considerable improvement m the 
exercise pressures and this was associated with marked amelioration of pain 
Of the improved limbs one had previously been treated by superficial femoral 
hgation , none had had a lumbar sympathectomy Of the three limbs 
showing no response clinically or by pressure measurements, two had had 
superficial femoral hgation All three had had a lumbar sympathectomy 
performed previously and the venous dilatation associated with this may 
possibly have been a faotor in preventing response These results m so 
intractable a condition are distinctly encouraging It will be seen that the 
best results were obtamed m the two cases with the lowest exercise pressure 
before operation 

Comment 

The technique of manometry described is easy to cany out, and provided 
that the patient is co-operative and that size 2 polythene tubmg can be used, 
which has been so m nearly all our cases, gives reliable readings It is not 
suitable for children who are apt to be too nervous, but, apart from arterio- 
venous malformations, venous disease is rare in them Its value lies m 
assessmg the efficiency of the venous return m the leg in exercise, particularly 
in the deep venous system, which is mainly responsible, when acted upon 
by the skeletal muscles, for returning the blood It seems as far as our 
experience has gone to be a most useful investigation when dealing with 
such symptoms as pam, swelling, or ulceration in the leg which may be the 
result of venous disease, and particularly is this so when treatment on the 
lines of deep venous hgation is contemplated 

Some points of interest emerge from our findings The discrepancies 
m the readings obtamed in cases with saphenous reflux when taken with a 
tourniquet m place and again after apparently adequate operation have 
been mentioned The explanation that suggests itself is that other 
communicating channels not interrupted at operation exist between super- 
ficial and deep systems, allowing reflux into the former and were undetected 
before operation Though the evidence is somewhat indirect, in that no 
exercise pressure readings were done before operation, it seems that hgation 
of the superficial femoral vein m cases of femoral incompetence produced 
no observable changes in the venous function This is m striking contrast 
to the effect of popliteal vem hgation which m some patients produced a very 
clear improvement 

There are two reasons why ligature of the mam venous channel with 
incompetent valves may improve the venous return In the first place the 
blood may be diverted to collateral channels having competent valves If, 
however, these vessels dilate and hypertrophy in response to the added load 
their valves may soon cease to be competent 

In the second place if the valves in all the veins m the limb at the level 
of the ligature are incompetent, the effect of the ligature will only be to 
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dimmish the total capacity of the veins at that level If the collaterals 
together have a relatively small cross section a resistance to the venous 
return wall be created It is suggested as a working hypothesis that the 
effect of such a resistance may be as follows As a result of the muscular 
contraction of walking blood is expelled from the muscle veins against the 
capillary resistance on the one hand, and against the resistance of the venous 
outlet from the segment of the kmb under consideration on the other The 
capillary resistance is high, since, m the lower leg at any rate, it is sufficient 
to support venous blood at a high pressure while standing still Henco 
venous blood will be forced out through the narrowed venous outlet at a 
pressure depending on that developing within the contracting muscles That 
tlus pressure is sufficient to expel venous blood from the calf against a 
resistance of 90-100 mm Hg has been shown by Barcroft (1) he also showed 
that the pressure in the calf muscles m certain circumstances may exceed 
the arterial pressure (2) During the phase of relaxation of muscle the 
pressure gradient about the level of the ligature will be reversed, a low 
pressure developing below the level of the ligature and the static pressure 
of the column of blood reaching from there to the heart (in a totally incom- 
petent system) persisting abo\ e it Hence venous blood null sink back below 
the ligature level If the pressure developed dnnng contraction is sufficiently 
high and is maintained for a sufficient proportion of the contraction-relaxation 
cycle, then more blood will be forced past the resistance of the venous outlet 
from below than returns past it from above, and the net effect of the ligature 
will be to improve the upward flow of blood It is difficult to know how 
great a part competent collaterals play Retrograde phlebograms m cases 
of valvular incompetence sometimes show reflux m what seem to be all the 
veins of the thigh suggesting that few if any competent collaterals exist 
The explanation of the difference in the results of superficial femoral and 
popliteal ligation m this senes is probably to be found in the presence of 
many incompetent collaterals m the thigh 

Popliteal hgation, m contrast with superficial femoral ligation, leaves 
very few collaterals, which enhances the chance of success if the foregoing 
arguments are accepted, and also protects the lower leg to some extent 
from the additional hydrostatic pressure developed in the thigh It is 
clearly r a more efficient procedure than superficial femoral hgation Lumbar 
sy mpathectomy seems to be a harmful procedure m these cases Not only 
does it tend to increase the input of blood into a limb which already has 
difficulty m emptying itself, but also causes dilatation of the \ems which 
jeopardizes valvular competence In a few patients in each group, exercise 
pressures have been measured with an elastic bandage covering the lower 
limb These pressures were found to be the same as those obtained in the 
same patients with a tourniquet below the knee (Table I ) So it appears 
that the relief experienced by patients when wearing elastic support on the 
leg is due to an improvement in the venous return only in eases of incompetent 
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superficial veins , m deep venous disease no improvement m the exercise 
pressure when wearing an elastic bandage was found Even so, the control 
of oedema by the supporting effect of such bandages is a valuable measure 

Summary 

1 A simple technique of measuring the pressure m the veins of the 
foot at rest or during exercise is described It has been apphed to the 
problem of venous lesions of the legs, particularly with regard to measuring 
the efficiency of the venous return from the limb and to assessing the results 
of venous ligation In these problems it has proved very useful 

2 The venous pressure m the foot when standing still, whatever the 
state of the mam veins of the hmb, approximates to the pressure exerted 
by a column of blood extending vertically from the foot to the heart This 
pressure is of the order of 00 mm Hg in a man of oidinary height 

3 The venous pressure in the foot during exercise (marking time), 
when the mam veins of the limb are normal, falls to under 40 mm Hg , 
such a fall indicating high efficiency of the musculo-venous pump and a 
normal venous return 

4 The venous return may be impaired m vancose veins due to valvular 
incompetence of the great saphenous vein and is considerably improved by 
ligation of the incompetent veins 

5 The venous return is markedly impaired by thrombosis or valvular 
incompetence of the femoral vein In some cases of the latter type ligation 
of the popliteal vein will greatly improve the efficiency of the venous return 
as judged by notable reduction of the exercise pressure It is suggested 
that lumbar sympathectomy and consequent venous dilatation may interfere 
with the success of this procedure Ligation of the superficial femoral vem 
m cases of femoral valvular incompetence could not be shown to improve the 
venous function 

6 The application of elastic bandages to the leg improved the exercise 
pressure only in cases of superficial varicose veins 
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THE COMPARATU’E VALUES OF DEXTROAMPHETAMINE 
SULPHATE, DRIED THYROID GLAND AND A PLACEBO IN THE 
TREATMENT OF OBESITY 


By D A W EDWARDS* and G I M SWYER 
( From University College Hospital Medical School, London ) 

Prfparations containing thyroxine have been commonly used m the 
treatment of obesity for the past fifty years The rationale claimed for 
llioir use has been that they stimulated metabolism, raising the basal 
metabolic rate either to a normal level in patients a ho a ere presumed to 
have a low B M R or to a level above the normal m those with a normal 
rate More recently drugs have been sought which might decrease the 
appetite or relieve hunger without altering the overall level of metabolism , 
amphetamine sulphate (Benzedrine) and later the dextro-rotatory isomer 
(Dexednne) have been used for this purpose and ha\ e gained a a ide popularity 
in the treatment of oliesitj' No claim has been made that amphetamine 
increased the metabolic rate or the activity of the subject but its action 
has generally been considered to he a central inhibition of appetite (3) 

None of the published reports on the use of thyroid and dextro- 
amphetamino sulphate m the treatment of obesity appear to have been 
based upon a fully controlled experiment In the following paper the 
effects of thyroid, dextroamphetamine sulphate and placebos upon the 
weight loss of obese subjects on a 1000 Calorie diet are compared, using an 
experimental design which eliminates the major sources of random error 


Method 

Patients referred to the Hospital Endocrine Clinic for obesity, endocrine 
disorders with obesity, or subfertility with obesity were the chief source 
of material, together with a few patients presenting themselves at the 
medical outpatient department with complaints not necessarily related to 
their obesity Obesity was roughly defined as an excess weight of more than 
30 lbs over the height-weight relationship given in Table I m the case of 
w omen , and for the two children as of more than 20 lbs o\ er the height- 

* Work undertaken in the Department of Clinical Research on behalf of the Medical Research 
Council 

The authors wish to express their thanks to Mr X W Please of the Department of Statistics 
of the Utuversitv of London for his advice and for earning out the analyses of the data to 
Miss C F Hams and her staff of dietitians for their help in explaining the diet to the patients , 
and to the Hospital Dispensary for preparing the tablets and placebos 
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weight-age data given by Duncan (2) No men were included m the series 
The variation of body weight with age given m the standard height-weight- 
age tables pubhshed by the Association of Life Insurance Directors and 
Actuarial Society of America (1) was not considered to be relevant to the 
definition of obesity and no age allowance was used No distinction was 
made between patients who presented themselves with the chief complamt 
of obesity and those m whom it was considered a wise therapeutic measure' 
to deorease their weight Unless the patient wanted to lose weight, with or 

TABLE I 


Ideal htxglit weight relationship for mature female subjects of all ages (unclothed) 


Height 

Weight 

Height 

Weight 

inches 

lbs 

inches 

lbs 

66 

102 

04 

126 

60 

104 

65 

128 

67 

100 

00 

132 

68 

108 

07 

136 

69 

110 

08 

140 

00 

113 

69 

144 

61 

110 

70 

148 

02 

119 

71 

162 

63 

122 

72 

160 


without persuasion, she was not moluded in the senes Patients with 
endocrine disorders were excluded, as were those suffering from ailments 
which might be influenced unfavourably by the administration of dextro- 
amphetamine sulphate or dried thyroid B P Because a rapid loss of 
weight was expected at the initial stage of reduction, only those patients 
who had not lost any weight for some months were moluded m the trial 
All subjects were treated as outpatients and given the same standard 
1000 Calone diet (Table II) which was explained to them by a dietitian 
The importance of adhering strictly to the prescribed diet and its role m 
reducing their weight was impressed upon eaoh patient at their first and at 
most of their subsequent visits by one or both of the authors and it was 
stressed that the Calone deficit and not the box of tablets caused the loss 
in weight The tablets were descnbed as bemg designed to reduce the 
patients’ appetite and improve their sense of well bemg, thus aiding them to 
discipline themselves and manage with less than their customary intake of 
food They were also assured that when they had lost enough weight they 
would not have to continue on the 1000 Calone diet but would be given 
guidance on the use of a normal diet suitable for their requirements, the 
reducing diet being designed to re-educate them to better eating habits as 
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TABLE II 

Ucduang diet 1,000 Calorics 


Break fast 


Approx 

Amount 

2J oz Milk for tea or coffee, no sugar 

1 oz Bread 

£ oz Butter or margarine 

1 Egg, boiled or poached, or alternative 

4 oz Fruit or tomatoes {an average helping), when mailable 


Mid morning Marmite, oxo or bovnl to dnnk, or ten or coffee with milk from 

daj's ration, no sugar 


Dinner 2 oz Lean beef or alternative 

Green vegetables (a good helping) 
f> oz Root vegetables (a good helping), sec alternatives 
4 oz Fruit (on average helping), sec alternatives 


Tea 2£ oz Milk for ten, no sugar 

1 oz Bread 

£ oz Butter or matganne 

A good helping of salad and/or fish or meat paste or marmite 


Supper 

4 oz 

White fish or alternative 

Green vegetables or salad (a good helping) 


1 oz. 

Bread 


£ oz 

Butter or margarine 


4 oz 

Fruit 


Before retiring G oz. Milk 


SUJDIAIW OF DIET 


CHO P F 

gm gm ' gm 


| pint 

Milk 


14 

1 0 

11 

3 oz 

Bread 


47 

7 

1 

£ oz 

Butter or margarine 


— 



18 

10 oz. 

Fnnt 


25 




2 oz. 

Lean meat 


' 

14 

4 

4 oz 

White fish 




20 

4 

1 

Egg 




7 

7 

o or. 

Root vegetables 


5 

— 





01 

57 

45 


Breakfast altert-atives 

Instead of 1 egg take am of the following foods in the quantities stated 

1 oz Lean bacon, grilled 

2 oz Kidncv 

3 or. Kipper baked with bone 

2 or. Herrings baked m vinegar 

3 erz Haddock, steamed with bone, plus one-eighth oz margarine 

2 or. Baked beans, omit fruit when thi3 alternative is used or 

lor. Bemax plus milk from day s ration. Subst itute I plain biscuit for the bread and 
use a scraping of butter instead of £ oz Omit fruit. 
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TABLE EC — (continued) 


Dinner alternatives 

Instead of 2 oz lean beef take any of the following — 

2 oz Lean mutton, veal or ham 

2 oz Corned beef, liver, rabbit or chicken. 

2 oz Tinned salmon, pilohards or sardines, drained of oil 

Root vegetables allowed are Carrots, onions, swedes, turnips, leeks 

Fruits allowed are Apples, pears, oranges, plums, fresh peaches, fresh raspberries, 
blackberries, strawberries, tangerines, damsons, cherries, blackcurrants 

Melon, rhubarb, gooseberries, loganberries, grapefruit may be taken in slightly larger 
quantities Bananas, grapes and dried fruits suoh as prunes, apricots and figs 
should be taken in very small amounts 


Supper alternatives 

Instead of 4 oz white fish take any of the following 


4 oz 

Tripe 

1 oz 

Cheese 

4 oz 

Sweetbread 

3 oz 

Soused herrings 

4 oz 

Heart 

oz 

Liver 

11 oz 

Meat 



Important 

1 Do not take any of the following foods — Sweets, ohocolate, sugar, potatoes, cakes, pastry, 
puddings, jam, marmalade, honey, syrup, fruits preserved in syrup, fried foods, sausages, 
thickened soups and sauces, alcohol 

2 Take only the amount prescribed of bread, biscuits, milk. 

3 Salad and green or root vegetables may be taken in moderately large amounts when other 
foods are lackmg 

4 Fruits, if cooked, should be sweetened with saccharin , add the saccharin just as cooking is 
completed to avoid bitter taste 


well as to reduce their weight It was suggested that during the first month 
they might expect to lose about 10 lbs and during the succeeding months 
about 6 lbs per month Each patient attended at 4-weekly intervals , 
if this interval was changed the treatment was continued but the patient 
was excluded from the senes 

At the first visit the patient was given a general medical examination 
and the height in bare feet and weight m underclothing was recorded At 
subsequent visits the weight in underclothing was recorded and also the 
height m the case of those who were not yet fully grown This was followed 
by discussion and record of the ability to follow the diet, the effect of the 
tablets given and general health and mtercurrent illness At each visit the 
patient was given a box of tablets labelled A, B, C or D 

Each box contained 84 brown and 84 yellow tablets The brown 
tablets contained either 30 mg of dried thyroid BP or a placebo of 
peptone and burnt sugar Some difficulty was experienced in preparing a 
placebo identical m appearance with the thyroid-eontaming tablets and some 
batches of the placebo could be distinguished from the thyroid preparation 
This difference was remarked upon by one or two patients who were then 
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told that it was merely a difference m the preparation hatch The active 
yellow tablets contained 5 mg of dextroamphetamine sulphate and could 
not be distinguished from the inactive placebos The identity of the 
preparations was known only to the pharmacist who prepared them until 
the end of the experiment The tablets were dispensed m the following 
combinations A = brown placebo and y ellow placebo , B = brown placebo 
and j ellow dextroamphetamine sulphate , C = brown tigroid and y ellow 
placebo , D = brown thyroid and yellow dextroamphetamine sulphate 
The patient was instructed to take one brown and one yellow tablet on 
rising, half an hour before the midday meal and in the middle of the 
afternoon Where this was impracticable because of "working or feeding 
conditions a reasonable modification was arranged Dextroamphetamine 
sulphate was not given later m the da} than 5pm so as to avoid possible 
insomnia 

Possible sources of error and variation in the rate of weight lass 

In comparing the weight lost month by month m a gnen patient or 
that lost in different patients, errors may arise from many' sources Some 
which are relevant to the design and interpretation of the experiment are 
discussed below 

(a) The Calorie intake or the ability of the patient to follow the diet A 
uniform daily intake of 1000 Calories was assumed in each patient although 
wide variation must have occurred Intake is greatly influenced by the 
intelligence of the patient and the dietitian , the time and thought winch 
the patient gives to the measurement of her diet , the desire of the 
patient to lose w eight and adhere rigidly to the regime , and her hunger, 
whether it be physiological or psychological 

As well as such individual variation in Calorie intake, variation between 
successi! e months may arise m several ways During the first month the 
patient may limit her intake only moderately in the fear that she must eat 
“ to keep her strength up ” At the next visit, reassurance and encourage- 
ment to lose more weight by eating less food may result m a cliango in 
attitude and Calorie intake The loss of 10 or more pounds during the first 
month may act as a considerable encouragement to the patient to continue, 
but it may bar e the reverse effect , such a loss may , in spite of reassurance 
be considered harmful, or unnecessarily rapid and used ns an excuse to 
slacken the discipline , or as time goes on the patient may r tire of the regime 
or become less careful with the diet The character of the patient and her 
faith m the physician and his treatment are all-important factors in jiroguosts 

(b) The initial weight and surface area These factors introduce a 
i anable between one patient and another and a variation w ith time in a 
given patient The weight of the patient affects the Calorie expenditure 
in two way r s, since the greater the bulk the greater the energy required to 
maintain the basal metabolism and since variations m bulk are associated 
with variations in activity 
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(c) The C alone deficit The weight loss m unit time is directly related 
to the Calorie deficit, or the difference between energy intake and energy 
expenditure This introduces wide variations m rates of weight loss from 
patient to patient since some patients, because of their occupation or their 
attitude to life, expend much more energy than others regardless of their 
weight 

(d) The calorific value of the tissue lost The type of tissue consumed 
during the process of weight loss introduces a variable m the rate of weight 
loss with time During the initial stages of reduction fat is not the only 
tissue utilized , carbohydrate stores are depleted and there is evidence that 
protoplasm is consumed (4) The energy released per gram of these tissues 
is less than that released per gram of adipose tissue, so that on a constant 
Calorie deficit the rate of weight loss is greater during the first week or perhaps 
two weeks than subsequently when the chief if not only source of stored 
energy is adipose tissue 

(e) Unknown factors The metabolic changes associated with a Calorie 
deficient diet when there are stores of energy in the form of fat are not 
completely known Apart from changes m protein and oarbohydrate 
utilization there may bo a complex change m metabolism winch manifests 
itself as a change m the basal energy consumption Unknown factors of 
this nature have been assumed, without definite evidence, to act similarly 
m all patients 

(/) Water retention and contents of viscera Temporary variations in 
the fluid content of the tissues occur during weight loss frequently a 
patient who is on a constant Calorie deficit fails to lose weight for several 
days, and may even gam weight Determinations of the water balance 
show that these fluctuations from the expeoted weight loss curve are due to 
retention of water and when diuresis occurs the weight returns to the 
predicted level Many women, regardless of the Calorie deficit, store water 
premenstrually and have a diuresis about the time of onset of the period 
The quantity of water stored may amount to several pounds m weight and 
result m a serious error 

Variations m the contents of the stomach, bowel and bladder may 
amount to several pounds in weight, but it was not practicable to ensure 
that bowel and bladder were emptied just prior to weighing or that a constant 
weight of food and fluid had been consumed at a constant time interval 
before weighmg 

(g) Seasonal variations Hobdays in boarding houses, staying with 
friends, or warm and cold weather introduced variations m the desire of the 
patient to eat The avadabihty of such artioles of food as salads, fruit, 
green vegetables and tomatoes and fluctuations m their prices made the ease 
of maintaining a constant diet dependent on the time of the year 
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ih) Intercurrent illness Where illness meant a complete change of 
activity and food intake for more than a few days m the month the patient 
was omitted from the senes, but many patients had colds or minor gastro- 
intestinal disorders which affected their abihty or desire to maintain their 
diet for short penods 

The control of variables and the 'plan of the experiment 

Errors caused by variations from patient to patient and from month to 
month v ere reduced by using a complete randomised block subdivided into 
a group of Latin squares Four treatments were employed A, using 
placebos only, B, using dextroamphetamine sulphate only , C, using thyroid 
only , D, using both dextroamphetamine sulphate and thyroid Each 
patient received each treatment for one month and ah possible sequences of 
treatments w r ere used This involved 24 patients each bemg treated for 
4 consecutive months The first administration of any one treatment was 
in random order and patients were allotted to treatment sequences as they 
w r erc seen in the Outpatient Departments When a patient was discarded 
from the senes, her place was filled by the next new patient seen The 
orders of treatments and patients, together with other data, are given m 
Table III An analysis of variance was made on tins matenal 

Two hundred and fifty observations were made on patients who were 
rojected at some stage or who, after completing the four month period, 
continued to be given the treatments A, B, C, D in random order These 
data were also treated by analysis of variance after making suitable correc- 
tions for their biased distribution The data for this analysis were not so 
reliable as those for the complete randomised block 

It wall be clear that, since patient s were rejected if they failed to complete 
the four months’ treatment, the results on the randomised block apply 
selectively to those patients -with sufficient faith, determination or suscepti- 
bility to regimentation to adhere to the regime 

Results 

A summary of the analyses of variance on the two sets of data is given 
in Tables IV and V The important points m the results are as follows — 

(1) Dextroamphetamine sulphate (5 mg three times a day) had a highly 
significant effect m increasing weight loss when used in conjunction 
with a 1000 Calorie diet 

(2) Thyroid (30 mg throe times a day) had no significant effect in similar 
circumstances 

(3) Dextroamphetamine sulphate and thyroid neither augmented nor 
diminished the effects of each other 

(4) The effect of dextroamphetamine sulphate persisted over the four 
month period of treatment and there was no significant difference 
between its effects in different months 
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TABLE IV 


Analysis of randomised block 


Source of variation 

Sums of 
squares 

Degrees 

of 

freedom 

Mean 

squares 

Ratio 

(F) 

Probability 

Between treatments 

161 13 

3 

63 71 

6 4 

0 004 

Dextroamphetamine 

sulphate 

136 67 

1 

130 57 i 

12 92 

0 0007 

Thyroid 

24 60 

1 

24 60 

2 31 

0 13 

Interaction 

0 08 

1 

0 06 

000 


Between months 

087 30 

3 

229 10 

21 07 

0 000005 

Interaction months X 
treatments 

151 63 

9 

16 85 

1 59 

0 13 

Between sets of 
patients* 

127 31 

5 

26 46 

2 41 

0 14 

Residual 

792 81 

75 

10 57 



Total 

1920 18 

96 





* This source was estimated by dividing the 24 patients into groups of 4, eaoh group forming 
a Latin square 


A Jr 3 test was applied to tho distribution of the variances for different treatment-month 
groups of observations and no significant difference from a normal distribution wbb found 


TABLE V 


Analysis oj 260 other observations 


Source of variation 

Sums of 
squares 

.Degrees 

of 

freedom 

Mean 

squares 

Ratio 

(F) 

Probability 

Between months con 
founded with treat- 
ments 

2380 48 


10 

138 05 



Between 

treatments 

447 30 


3 

149 10 

7 86 

0 00007 

Interaction 

480 41 


30 

16 01 

0 84 


Residual 

3926 39 


208 

19 00 



Total 

7239 58 

249 





Applying a “ t ” test to the data for the effects of dextroamphetamine sulphate and thyroid 
gave o probability of 0 000001 that the effect of dextroamphetamine sulphate was due to chance 
and of 0 43 that the effect of thyroid was due to chance 
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(5) The weight lost during the first month was significantly greater 
than that lost m succeeding months, whichever treatment was used 

(6) The rate of weight loss decreased with successive months so that 
the difference occurring between the second and fourth month was 
significant, but not between the Becond and third or the third and 
fourth This fall m the rate of weight loss with time was neither 
linear nor logarithmic and did not vary with the treatment used 

(7) The mean weight loss per month over the four month period without 
dextroamphetamine sulphate was 5 77 lbs , dextroamphetamine 
sulphate increased this weight loss by 2 4 lbs per month, the 
equivalent of approximately 330 Calories per day excess of energy 
expenditure over intake 



Fig 1 Shows the difference m the weight loss per month when dextroamphetamine sulphate 
(De-xeclnrie) is given and also illustrates the change in rate of weight loss with time The 
dots represent the mean weight loss with treatments B and D, the circles with treatments 
A and C 

Pig 1 illustrates the effect of dextroamphetamine sidphate on the 
amount of weight lost and the change in the rate of weight loss with time 

Discussion 

The effect of dextroamphetamine sulphate The experiment was not 
designed to investigate the mode of action of dextroamphetamine sulphate 
hut some aspects of the results are worth discussing from this point of view 

If the main effect of the drug is to suppress appetite it would be expected 
to increase the weight loss in patients who were otherwise unable to discipline 
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themselves, without affecting the loss of those with good self-control The 
weight losses m the two types of patients would then he more alike than 
when the drug was not used. , in fact the variances of the weight losses with 
and without the drug were found to he comparable The lack of a significant 
difference between these variances (see Table IV) might have arisen because 
of the high level of error and the small number of patients, or because the 
drug did not act in the expected manner 

The experience of the authors is that if the patient succeeds in maintain- 
ing a dady deficit of 1,000-1,600 Calories for about two weeks, the appetite 
decreases considerably and a large proportion of patients who aclneve this 
find the 1,000 Calorie diet adequate to alleviate their hunger This pheno- 
menon occurs without the use of dextroamphetamine sulphate After the 
first month of treatment, therefore, it would be expected that dextro- 
amphetamine sulphate would have less effect upon appetite, yet there is no 
evidence of such a faffing off m the effect of the drug with time 

Both these findings suggest that dextroamphetamine sulphate may act 
m some other manner than by depressing appetite Most patients did not 
notice any difference m the effects of the treatments, although a few felt an 
increased sense of well-being whilst having D and B and some thought that 
they did not feel as hungry when having these treatments The opinions 
of the patients, however, -were no reliable guide to the effect of any of the 
treatments and it seems reasonable to suspect that an important effect of 
dextroamphetamine sulphate must have been to increase energy expenditure 

The change m the rate of roeight loss with time The greater weight loss 
during the first month ivas expected m view of the difference in the tissues 
metabolised The progressive fall m rate of weight loss over the last three 
months of the treatment period is unexplained but imght be due to any of 
the following reasons a progressive increase in Calone intake , a decrease 
in surface area and B M R , a decrease m B M R as a compensating 
mechanism for the Calorie deficit , a decrease m the work done m moving the 
body as its mass decreases It is unlikely that there is a steady increase m 
the Calorie intake in all patients and the fall in rate of weight loss is much 
greater than the observed change m surface area would produce if the BMR 
remained normal Pending further investigation, the phenomenon of 
decreasing weight loss with time must remain unexplained 

Summary 

Twenty-four patients were treated for a period of four months with a 
1,000 Calorie diet and a placebo, thyroid, or dextroamphetamine sulphate 
using a randomised block experimental design Dextroamphetamine 
sulphate, 5 mg three timeB a day, was found to have a highly significant 
action m aiding weight reduction and thyroid BP, DO mg (grs mi) daily 
was found to have no significant effect The weight loss during the first 
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month of treatment was significantly greater than that m successive months 
regardless of the treatment used, and the rate of weight loss decreased 
steadily with time No definite conclusions were reached as to the mode of 
action of dextroamphetamine sulphate or the mechanism underlying the 
progressive fall m the rate of weight loss with time 
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THE RELATIONSHIP BETWEEN HORSE DANDRUEE AND 
HORSE SERUM ANTIGENS IN ASTHMA 


By J R SQUIRE * 

(From the Department of Clinical Research, University College Hospital 
Medical School, and the Department of Pathological Studies, University of 

Birmingham ) 

Introduction 

The study of asthma due to “ animal emanations ” lias made considerable 
progress since the description of this disorder by Hyde Salter (34) m 1859 
In particular, the introduction of skin testing with appropriate extract^ 
based on the original work of Blackley (2) has been invaluable Asthma 
due to contact with horse dandruff has been considered specially by many 
workers , the occasional severe shook reactions or deaths following 
administration of therapeutic antisera to suoh patients have led to a 
consideration of these patients’ skin sensitivity to horse serum and its 
constituents (1) The history of this work has been reviewed elsewhere 
(24, 4, 36) 

Early workers preparing dandruff and other extracts (11, 39, 41) used 
strong chemical reagents, now known to degrade animal proteins Grove 
and Coca (13) introduced simple buffered saline extracting fluids, and claimed 
to have shown that the allergen m horse dandruff was a protein Their 
evidence is equivocal, since digestion with pancreatio ferments apparently 
m neutral solution at room temperature was employed As might be 
expected, even after this treatment of the dandruff extracts used for testing, 
the skin reactions were positive as illustrated m this account In general, 
bttle is known of the chemical nature of horse dandruff allergens 

Animal experimentation lias been used m attempts to define the 
relationship and difference between the antigenicity of horso dandruff 
extracts and horse serum In the first successful sensitization experiments 
(25, 26, 29) anaphylactic reactions m guinea-pigs w ere obtained until dandruff 


• This papfer in condensed from a thesis submitted for the degree of M D vn the University 
of Cambridge Part of this work was supported by a grant from the Medical Research Council 
I wish to record my gratitude for constant encouragement and criticism by the late Sir 
Thomas Lewis 

Preparations of horse serum fractions were made by Professor (now Sir Charles) Hanngton 
and Mrs Pitt-Rivers The special preparations of crystalbumin, globoglyooid and scroglycoid 
fractions of horse serum were given by Dr L F Hewitt Considerable help in chemical 
preparations and estimations was given by Mr A J Honour All these I wish to thank 
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extraot 3-4 weeks after intrapentoneal injections of this substance The 
reaction was specific, no reactions being obtained to dog and cat dandruff, 
nor to horse serum Later, Forster (9) was able to show cross-reaotions 
between horse dandruff and horse serum both in gumea-pigs (anaphylactic 
reactions) and m rabbits (precipitin tests) Unfortunately quantitative 
techniques were not employed, and the concentrations of the dandruff extracts 
used for sensitisation and testing were not measured Similar criticisms 
apply to the studies of Ratner and Gruehl (31) who also ehcited anaphylactic 
cross-reactions m sensitized ammals, and of Tuft (38), who tested sites 
passively sensitized with asthmatics’ serum m human volunteers 

Little fresh direct work on the problems of horse asthma has been 
published since 1934 A general statement can therefore be made on the 
state of knowledge at this pomt Many persons — among them young adults 
otherwise m perfect health — are seized with asthmatic attacks when m the 
vicinity of horses These attacks may be so severe as to be disabling for 
days at a time The presence of the living animal is not essential for the 
mduction of an attack — similar effects may be produced by the clothes of 
korse-nders, or even by the small quantities of dust from horse-hair mattresses 
or upholstered furniture Sensitizing antibodies can be demonstrated m the 
sera of such persons, especially by injection of small quantities of serum into 
normal human skm, thus inducing a local sensitivity Many tissues are 
sensitized m the asthmatic as well as the bronchi — the skm, the conjunctiva, 
nasal mucous membrane Thus, exposure to horse dandruff in the form of 
dust may mduce conjunctivitis or symptoms of rhinitis Ingestion of horse 
meat may induce urtioana, gastro-mtestmal disturbances, or typical asthma 
(10) Similar widespread sensitization may occur m individuals receiving 
a blood-tiansfusion from a horse-sensitive donor 

The specificity of the asthmatic’s sensitivity is well-marked, so that a 
horse-sensitive subject may be able to tolerate all other domestic ammals 
and even donkeys On the other hand, a proportion of these patients are 
highly sensitive to horse serum, and may also be affected by the dandruff 
of other ammals — cats, rabbits, etc Cross-sensitivity to serum lias resulted 
m deaths and many severe reactions m asthmatics receiving horse serum for 
therapeutic purposes, usually with no history of previous serum administra- 
tion These reactions may occur even with purified sera, nominally only 
containing globulin, though as will be described later, absolute purity of 
such protein fractions is very difficult to attain 

The following experiments were intended to elucidate so far as possible 
the nature of the substances m horse dandruff and m horse serum causing 
reactions m human cases of asthma Stress has been laid on the quantitative 
evaluation of the prick test for human skm testing introduced by Lewis and 
Grant (23) and subsequently employed by Hare (14), Harley (17) and others 
Antigenicity tests m rabbits were also employed, quantitative preoipitm 
tests based on the method of Dean and Webb (6) being used The results 
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To evaluate the contribution to variance made by si 
4 concentrations of histamine was pricked mto 4 differe) ' 
tests) on the volar aspect of the forearms of a voluntee 
were in imagmary lines on the medial and lateral border. & ' 
Each hne was divided mto 4 sites, the proximal abou 
the distal 2" above the wrist and the others equally ,*• 

In this way 16 sites were available for the 16 tests 1 
to the 4 histamine concentrations on the basis of a 
4x4 Latin square (Fisher and Yates (8), Table 
16 tests were lepeated on the same individual m si 
intervals of 48-72 horns to evaluate the contribution 
A total of 64 results, i e , 16 with each of the 4 co i 


was then available for an 
variance was used (e g , Br< 
III (the full expei imental fi 


standard + 
1 1 gave t’ 
elsewl 


Analysis * 


Concentration of 

A = 10 -g /ml 
B = 10- J g /ml 
C => 10 *g /ml 
D = 10 5 g /ml 


Source of variance 

sq' 

Site (rows) 


Days (columns) 

0 

Histamine concentration 
(treatments) 

191 53 p 

L, 

Residual 

14 27 

Total 

217 15 


Tina experiment shows — 

(1) A significant source of larionce is the site on i 

(2) Smularlj, there is a significant day to day \ n 
concentration of histamine 

(3) After eluumation of these sources of variance, 11 

determination of wheal size is not greater than A 
mm (i o , a coefficient of variation of about 10%) L 
of variation of the 4 concentrations ignoring the site 
of variance gn\e coefficients of variation of IS 3% for 
and 23 5% for D These figures mdicate that the ec- m "> 
dependent on concentration, and since the wheal sizes t. 
over fivefold the sources of variance arc probably mainly 
technique of measurement Tiny also show that an ap^ 
results if day to day and site to site variations are not taken 
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discussed below indicate the possibility of preparing therapeutic antisera 
suitable for administration to asthmatics Methods of purifying and 
standardising dandruff protein for skm testing these patients and perhaps 
for specific treatment are also discussed 

Experimental observations 

I Critical examination of the prick test 

The prick test has been widely used and is known to be safe As the 
inoculation is very superficial, the test sites do not readily become infected 
The accuracy of the test has not previously been evaluated quantitatively, 
nor has the effect of such factors as site-to-site variations in the skm or 
day-to-day changes m sensitivity been accurately assessed As considerable 
reliance was to be placed upon the quantitative results of skm tests with 
different chemical fractions of horse protein preparations, this preoise 
information was required 

Method A drop of the fluid to be tested is placed upon the skm A 
single sharp prick is then made through the drop sufficiently hard to cause 
momentary pain, but not so deep as to draw blood After a few seconds, 
the fluid is dabbed away with cotton-wool, taking care not to contaminate 
any neighbouring test For quantitative comparison of the resulting 
reactions, the wheal and, in suitable subjects, the flare can be measured 
The standard time for measurement is ten minutes after the prick, as the 
reaction is then nearly maximal, and yet is still sharply defined The wheal 
is traced in outhno on to stiff celluloid (e g , X-ray film after the removal of 
emulsion) usmg Indian ink and a mapping pen These tracmgs are enlarged 
fourfold and the tracing transferred to graph paper usmg a photographic 
enlarger The mean diameter of the wheal may then be calculated 
accurately after estimating the area of the enlarged tracing by counting 
squares 

Analysis oj variance m multiple pnck test experiment Multiple prick 
tests were carried out usmg four strengths of histamine as the test substance 
(It will be seen subsequently that horse protein solutions give similar 
quantitative relations when pnck tested on horse-sensitive subjects’ skm ) 
The solutions were made up from histamine acid phosphate to be approxi- 
mately isotonic to 0 9% saJme The solution was neutralised with caustic 
soda to pH 7 0 usmg the glass electrode to determine the amount needed, 
and then diluted with 0 9% saline to give a 1% (1 100) solution of histamine 
calculated as free base From this standard solution, dilutions were made 
in isotonic neutral buffered saline to contam 1 1,000, 1 10,000 and 1 100,000 
parts of histamine These concentrations afforded a suitable gradation for 
establishing the dosage-response relationship Control prick tests through 
neutral buffered saline gave responses too small for measurement m the 
subjects studied 
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Ut.r.1 ».41»1 lU41»i 

Fig 1 Allocation of tost sites on volar aspect of forearms for analysis of variance in prick 
tests with histamine 

In Fig 2 the mean wheal diameters are plotted against the 4 histamine 
concentrations, which are shown on a logarithmic scale The relationship is 
seen to be approximately linear * However, the sums of squares shown m 
Table III for histamine concentrations (3 degrees of freedom) can be broken 
down to test this relationship with the following result — 


TABLE IV 


Source of variance 

Sums of 
squares 

Degrees of 
freedom 

Mean squares | 

i 

Significance 

Histamine concentrations 





(treatments) 

t 



Very great 

Linear 

187 01 

1 

187 01 

Quadratic 

3 83 

1 

3 83 

p = 0 001 

Cubic 

0 09 

1 

0 09 

p > 02 


191 53 




Residual (from Table I) . 

14 27 

! 

“ 1 

0 204 

! 



It is clear that the relationship over tins range shows a significant 
departure from linearity, as it contains a quadratic component However, 
provided that a test solution, „e g , a histamine solution of unknown strength, 
gives a wheal prick reaction the diameter of which falls wuthin the range 
tested (11-6 7 mm) an approximate value for its concentration can be 
determined from the graph in Fig 2 The relationship between dose and 
w'heal size has not previously been evaluated for prick testmg in man The 
approximate relationship m goats -was worked out by Darsie cl al (6) but 
without adequate sta tistical analysis 

* A similar linear relationship between the diameter of reactions and the logarithm of the 
concentration of histamine has been found m guinea pigs previously injected with dyes to 
demonstrate the site of increased permeability (Miles personal communication) The relationship 
was also found to hoJd for certain toxin, reactions (28) 
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To evaluate the contribution to variance made by skin site, each of the 
4 concentrations of histamine was pricked into 4 different positions (i c , 16 
tests) on the volar aspect of the forearms of a volunteer The sites chosen 
were in imaginary lines on the medial and lateral borders of the two forearms 
Each line was divided into 4 sites, the proximal about 2" below the elbow, 
the distal 2 above the wrist and the others equally spaced intermediately 
In this way 16 sites were available for the 16 tests The sites were allocated 
to the 4 histamine concentrations on the basis of a self-conjugate standard 
4x4 Latin square (Fiaher and Yates (8), Table XV) as m Fig 1 The 
16 tests were repeated on the same individual in similar fashion 4 times at 
intervals of 48-72 hours to evaluate the contribution of day-to-day variations 
A total of 64 results, i e , 16 with each of the 4 concentrations of histamine, 
was then available for analysis The standard technique for analysis of 
variance was used (eg , Brownlee (3)) and gave the results set out m Table 
III (the full experimental figures are given elsewhere (36)) 


table nr 


Analysts of variance »» histamine prick tests 
Concentration of histamine used Mean wheal diameter 


A = 10- 5 g /ml 

B = 10 s g /ml 

C = 10 *g /ml 

D = 10-‘g /ml 

6 71 mm 

3 62 mm 

2 19 mm 

1 08 mm 

1 Mean, all 

V concentrations, 

I = 3 16 

Source of \ anance 

Sums of 
squares 

Degrees of 
freedom 

Mean squares 

Significance 

Site (rows) 

4 94 

3 

1 66 

p = 0 001 

Days (columns) 

6 41 

3 

214 

p < 0 001 

Histamine concentration 
(treatments) 

191 63 

3 

63 84 

Very great 

Kesidual 

14 27 

64 

0 264 


Total 

217 16 

63 




This experiment shows — 

(1) A significant source of variance is the site on the forearm where the prick is laid down 

(2) Similarly, there is a significant day to day \anation in wheal size with a given 

concentration of histamine 

(3) After elimination of these sources of variance, th e stan dard deviation of a single 

determination of wheal size is not greater than /0 264 mm on an average of 3 16 
mm (t e , a coefficient of variation of about 16%) Determination of the coefficients 
of variation of the 4 concentrations ignoring the site to site and day to day sources 
of variance gave coefficients of variation of 18 3% for A, 22 3% for B, 22 6% for C, 
and 23 6% for D These figures indicate that the coefficient of variation is not greatly 
dependent on concentration, and since the wheal sizes to which they refer differ by 
over fivefold the sources of variance are probably mainly biological rather than in the 
technique of measurement They also show that an appreciable loss of precision 
results if day to day and site to site variations are not taken into account 
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Fig 



Utinl tfadiAl U*dUl Utml 

1 Allocation of teat sites on volar aspect of forearms for analysis of variance in pnck 
tests with histamine 


In Fig 2 the mean wheal diameters are plotted against the 4 histamine 
concentrations, which are shown on a logarithmic scale The relationship is 
seen to be approximately linear * However, the sums of squares shown in 
Table III for histamine concentrations (3 degrees of freedom) can be broken 
down to test this relationship with the following result — 


TABLE IV 


Source of variance 

Sums of 
squares 

Degrees of 
freedom 

Mean squares 

| Significance 

Histamine concentrations 





(treatments) 





Linear 

187 01 

1 

187 01 

Very great 

Quadratic 

3 83 

1 

3 83 

p = 0 001 

Cubic 

0 09 

1 

0 09 

p > 0 2 


191 63 



1 

Residual (from Table I) 

14 27 

64 

0 204 



It is dear that the relationship over this range shows a significant 
departure from linearity, as it contams a quadratic component However, 
provided that a test solution, e g , a histamine solution of unknown strength, 
gives a wheal prick reaction the diameter of which falls within the range 
tested (11-6 7 mm) an approximate value for its concentration can he 
determined from the graph in Fig 2 The relationship between dose and 
wheal size has not previously been evaluated for prick testing in man The 
approximate relationship m goats was worked out by Darsie el al (6) but 
without adequate statistical analysis 

* A Bimilar linear relationship between the diameter of reaotiona and the logarithm of the 
concentration of histamine has been found in guinea pigs previously injected with dyes to 
demonstrate the site of increased permeability (Miles, personal communication) The relationship 
was also found to hold for certain toxin reactions (28) 
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Pig 2 Relationship between wheal diameter and histamine concentration in prick testa Each 
pint representa the average of 10 readings on the volar aspect of the forearms of a sinele 
individual (see Table IXI) ® 

The experiment which has been described did not compare tests with 
simdar concentrations of histamine pricked into symmetrical points on the 
opposite forearm A farther experiment was therefore carried out to see 
whether a significant difference existed between such symmetrical sites 
No significant difference was found From these two experiments it is 
concluded that for accurate prick test comparison of two solutions, the 
tests should be laid down on symmetrical body sites within a short time of 
one another , the concentrations chosen should be such as to fall within a 
range over which the relation between dose and wheal size is known (here, 
wheal sizes of 1-6 mm ) Provided that these precautions are observed, a 
coefficient of variation of about 16% is to be expected for a single measure- 
ment The order of difference found for tenfold changes m concentration 
of the test substance was such that these differences could be readily detected 
with two pairs of observations for each concentration, provided that the 
precautions considered above were observed 

Size of inoculum m prick test In some of the experiments now to be 
described it was required to know how large an inoculum was introduced 
by the prick test To establish this, symmetrical tests were made comparmg 
the wheal sizes produced by small mtradermal injections* (0 001 ml ) of 
very dilute histamine (10 -5 g /ml ) with prick tests using stronger solutions 
(10~ 3 and 10' 2 g /ml ) As the mtradermal tests gave wheals approximately 
intermediate m size between these prick tests, it was concluded that the 
prick test ordinarily mtroduced l/300th of the amount injected mtradermally, 
i e , a total of about 3 millionths ml (3 X lO^ml ) It is interesting to note 

* Accurate delivery of 0 001 ml mtradermally was made by using a micrometer delivery 
syringe now available commercially 
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that such small quantities can he introduced mto the skin with fair precision 
The prick test was used throughout the following experiments on human 
skin reactions, although m many instances, a more approximate estimate 
of wheal size was used — the transverse diameter m two areas at right angles 
measured with dividers and scale 

II Chemical behaviour of horse dandruff fractions, using shin tests to trace 

the allergen 

Preparation of dandruff extracts The crude horse dandruff was obtamed 
fresh from a serological institute, mixed with hair m the brushings and 
combings The hair was separated by shaking the material with ether, and 
pouring the suspension through the holes m a Buchner funnel The epidermal 
scales were then filtered off on filter-paper from the ether (which contained 
fat m solution) and rinsed with fresh ether The powdery grey residue was 
dried m an incubator until the smell of ether was no longer detected, and 
stored m a vacuum desiccator To prepare an extract, this dried defatted 
dandruff was rubbed up first with toluene and then with norma] saline (0 9% 
sodium chloride) to givo a cream A little more sahne was used to rinse the 
material mto a flask, and the suspension was left for 3 days at room 
temperature (12°-20°C ) before filtering The proportions used in the 
extracting mixture were — dandruff powder 1 g , toluene 1 ml , saline 15 ml 
Sahne was preferred to Coca’s buffered extracting fluid (Coca et al, 1931) 
as subsequent tests were to inolude adjustment of acidity 

Test subjects for detection of allergens Two regular subjects were avail- 
able for repeated prick testing during the course of the experiments 
(Occasionally, the conclusions were confirmed m other patients ) These 
subjects were both young men aged between 20 and 30, the one a doctor 
and the other a medical student Both suffered with severe attacks of 
asthma as well as with nasal and conjunctival inflammation, m the vicinity 
of horses or of materials contaminated with dust derived from horse dandruff, 
horse dung, etc In addition, one subject (J ) suffered from hay fever each 
summer and gave strong skin reactions when tested with grass pollens , 
the other (T ) was sensitive to cats and to certain other animal emanations 
Both knew of other sufferers from asthma in his family The serum from 
each individual showed Btrong sensitising power when inoculated into normal 
skin to wluch it “ passively transferred ” the appropriate specific sensitivities 
These tu o men were regarded as typical moderately severe cases of asthma, 
but were otherwise in normal health A s umma ry of the case histories of 
J and T is given m Appendix I It seemed preferable to use these two 
subjects for repeated testing rather than seek a larger number of patients 
with less clearly defined conditions Any important conclusion was based 
on tests m both subjects It is recognised, however, that the use of two 
patients only might in theory lead to generalisations not truly applicable to 
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all sufferers from horse asthma, and. for certain practical applications testing 
must be carried out on a larger sample 

Preliminary examination of chemical properties of horse dandruff extract 
Wien prepared in the manner described, the extracts were clear solutions, 
light brown in colour, tending to froth on shaking They contained a 
varying concentration of nitrogen, which was estimated for each extract 
by the micro-Kjeldhal method (30) About 2/3rds of this total nitrogen could 
be precipitated by protein precipitants such as trichloracetic acid (33%) in 
the proportion of 1 ml to 0 ml of extract The precipitate and the original 
extract gave the usual colour reactions of protein solutions (Millon, xantho- 
proteic, nmliydrin, biuret) The protein was also completely precipitated 
by piorio acid, tannic acid, or saturated ammonium Bulphate The non- 
protein nitrogen consisted partly (about 10%) of urea , the remainder was 
not identified At least 95% of the non-protein nitrogen was removed after 
dialysis in cellophane sacs against running water for 3 days — a procedure 
which also removed much of the brown colouring matter Dialysed solutions 
failed to give the qualitative reactions for carbohydrate (Mohsch) or for 
phosphorus 

Prick tests m subjects J and T showed that — 

(i) no appreciable loss of activity resulted from prolonged dialysis 
when allowance was made for volume changes (confirming Coca 
(4)) , 

(n) all activity was removed from solution by saturation - with 
ammonium sulphate , 

(m) all activity was removed by the other protein precipitants, suoh as 
tanmo, picric and trichloracetic acids The reactivity of the protein 
w r as not how r ever destroyed by these reagents, as solutions of the 
precipitates in dilute caustic soda were found to give strong reactions 
on skin testing , 

(iv) all active materia] was thrown out of solution by adding 3 volumes 
of acetone to 1 volume of extract , 

(v) the active principle was destroyed by peptic digestion 

Details Two ml of crude dandruff extract (total nitrogen 92 mg /100 ml ) 
was mixed with 2 ml of a 6% solution of pepsin m saline and 0 14 ml of N 
hydrochloric aoid making the pH 1 6 The mixture was incubated at 40°C for 
12 hours m the presence of toluene, along with a control mixture in which saline 
was substituted for the pepsin solution After neutralising both solutions, dilutions 
ranging from 1 6 to 1 6,000 were made from each The control gave wheals 6 mm 
m diameter at a dilution of 1 6,000, the digest gave no reaotion at 1 5 

These results were consistent with the belief that the active substance 
is a protem From its solubility m 0 9% saline when preparing extracts 
and in pure -water after prolonged dialysis, this protem is unlikely to be a 
nucleoprotem or a true globulin — furthermore, insufficient phosphorus or 
sugar was found for an appreciable content of nucleoprotem to be considered 
The absence of sugars also showed that mucoprotem was not present m 
appreciable amounts 
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Nature of dandruff protein The solubilities of the active dandruff 
protein in solutions of various salts were consistent with those of an albumin 
After adjustment of an extract (9 ml } to pH 6 with sodium acetate-acetic 
acid buffer (1 ml ) and adding 2 25 g anhydrous sodium sulphate, the 
solution was maintained at 40°C for 2 hours A heavy fiocculent precipitate 
formed and was filtered off Analysis showed that about half of the protein 
remained m solution, and when compared with corresponding dilutions of 
the original extract no loss of activity was detected The precipitate, after 



Fig 3 Chart illustrating adsorption of activity and nitrogenous materials from dandruff extract 
onto benzoic acid crystals at various pH lei els 

Method To eaoh of 6 samples of 5 mL 3N sodium benzoate was added 60 ml dandruff 
extract N HC1 was slowly added — (I) 5 ml (2) 7 6 ml (3) 10 ml (4) 12 6 ml 
(5) 13 ml and (0) 16 ml Each mixture was well stirred and benzoic aud filtered off 
The chart shows results obtained with the filtrates 

(а) Activity on skm testing (arbitrary units) 

(б) % of nitrogen remaining in filtrate 
(e) pH 

The block diagram shows for comparison, the fractional nitrogen nnahsis of the 
dandruff extract (total nitrogen 31 6 mg /100 ml ) 

v ashing with warm saturated sodium sulphate solution adjusted to pH 6, 
uas redissolved and precipitated once more, and washed again On com- 
paring solutions of tins precipitate with comparable dilutions of the original 
extract standardised by nitrogen content, the precipitate was found to be 
between 6 and 10 times less active This returned activity was considered 
to be due to adsorption 
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An attempt was made to concentrate the aotive fraction still more by 
adsorption onto a non-specific precipitate (33) Six mixtures were prepared 
containing 6 ml 3N sodium benzoate and 60 ml dandruff extract To 
each mixture was gradually added, with frequent stirring, normal hydro- 
chloric acid, which produced a finely divided precipitate of benzoic acid 
crystals (These crystals form smce benzoic acid ib much less soluble in 
water than sodium benzoate ) By adding varying amounts of hydrochloric 
acid, the adsorption was oamed out at various pH values Skin tests with 
the supernatant solution from these experiments showed that most of the 
activity was removed between pH 4 2 and 3 8 (Big 3) In a further experi- 
ment, therefore, enough hydrochloric acid was added to bring the same 
dandruff extract-sodium benzoate mixture to pH 4 2 The solution was 
filteied, the precipitate being discarded, and further hydrochloric acid added 
to lower the pH to 3 8 On filtration, the crystals were collected and 
transferred to acetone which dissolved the benzoic acid and freed the adsorbed 
protem as a precipitate This protein was collected and made up into 
aqueous solution Ho marked concentration of activity was found to have 
occurred, and judging from the solubility of this fraction m half-saturated 
ammonium sulphate, a simple separation of the albumin from the dandruff 
extract had once more been achieved This experiment afforded some 
evidence that the activity of the extracts was not due to some trace substance, 
but to the albumin fraction itself 

An attempt was also made to crystallise the dandruff “ albumin ” 
following the usual procedure for preparmg serum crystalbumm An 
approximate determination of the isoelectric point of the active material 
was first made by warming 0 10% solutions m M/6 acetate buffer solutions — 
a flocculent precipitate was obtained, maximal at pH 4 Albumin fractions 
of extracts were made up in solutions of ammonium sulphate of various 
strengths and acetic acid cautiously added with frequent stirring until the 
pH was brought down towards pH 4 No crystalline protem was obtamed 
and it seems probable that some denaturation of the dandruff albumin had 
occurred, either in the natural drying of the desquamating skin cells or in 
the original treatment of the dandruff with ether 

Effect of heat on dandruff extracts Autoclaving dandruff extracts at 
a pressure of 20 lbs /sq mch destroyed about 99% of the activity Boihng 
for a few seconds had little apparent effect, but a distinct loss of activity 
was observed after 30 minutes at 100 °C At pH 6-6, boding for this period 
produced a jelly-like coagulum Adjustment of dandruff extract to between 
pH 3 and pH 4 produced a flocculent precipitate which increased after boihng 
the solution for a short period Activity could be demonstrated in tins 
precipitate by dissolving it m alkali, but the supernatant solution was 
inactive It is clear that the active protem can be denatured by such 
procedures, but the specific groupings of the molecules responsible for its 
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activity arc only gradually destroyed, and so are not of great delicacy 
This finding is m accord with the results already desonbed with protein 
precipitants 

III The.relationshx'pbehveen dandruff and serum proteins found by prt cl testing 

Test solutions and method The precise relationship between the allergen 
in horse dandruff extracts and the constituents of horse serum was next 
determined After having established that each of the test subjects, J and 
T , was sensitive to whole horse serum, fractions were prepared as follows — 
Fresh horse plasma was half saturated with ammonium sulphate and after filtering off 
the precipitate (globulins), the albumin was crystallized by cautious addition of acid 
(0 2 N HiSOi) The globulins were redissolved and dialyBed for several days against 
running tap water and then against distilled water — a small quantity of thymol was added 
as a preservative This led to the precipitation of euglobulin, which is insoluble in pure 
water After filtering off the euglobulin, the filtrate was regarded as psoudoglobulm To 
punfy tlieso three fractions fiirther, the albumin was recrystalbsed and the globulins were 
separately reprecipitated with half saturated ammonium sulphate three tunes Finally, 
each protein was dissolved m 0 9% saline with the addition of {% phenol, Seitz filtered, 
and standard strength solutions prepared after micro Kjeldhal estimation of total and 
non protein nitrogen 

Prick tests on the skm of each subject were then performed with sabne, 
histamine solutions, dandruff extract and horse-serum fractions The results 
are set out in Table V 

TABUS V 

Quantitative prick tests on skm of asthmatic subjects 


Subjects 




J 


T 

Test solution 

Strength 

Reaction diameter 

Reaction diameter 

g/JOO ml 

(mm ) 

(mm ) 



Wliea! 

Flare 

Wheal 1 

Flare 

Hor^c scrum albumin. 

3 6 



J 3 

1 19 


0 6 

10 

i 36 

2 

6 


0 05 

7 

24 

nil 

nil 


0 006 

5 

i 

19 

ml ! 

1 

ml 

Horse serum euglobulin 

0 6 

i 

4 

I 15 

nil 

nil 


0 05 

3 

0 

ml 

nil 


0 005 

ml 

nd 

ml 

1 nil 

Horse scrum p^udoglobulm 

3 6 

6 

28 

ml 

ml 


06 

6 

20 

, ml 

ml 


0 06 

6 

12 

ml 

ml 


0 006 

3 

9 

i 

nil 

ml 

Horse dandruff protein 

0 001 

0 

26 

12 

36 

(unfrnctionntcd) 

0 0001 

3 

5 1 

1 6 

27 


0 00001 

nil 

nil 

1 3 

1 20 

Histamine phosphate 

(expressed 
as base) 
10 

0 i 

j 

26 

: 8 

40 


0 1 

4 

10 

! 0 

30 


Each result represents the arithmetical average of four measurements made on paired 
tests Control tests of all solutions in skm of normal subjects gave wheals le 3 s than 2 mm 
and no flares Similar reactions in above testa are recorded as “ nil " All the above 
measurements were made 16 minutes after prick. 
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Prom Table V a number of results and conclusions have been drawn 

(1) Readily detectable reactions were seen m eaob subject to high 
dilutions of dandruff protem (0 OOOlg /100m] m J, 0 OOOOlg /100ml m T ) 
Since the pnck test only introduced about 3 x 10* 6 ml , the total amount 
of dandruff protem required to elicit a detectable wheal in T was of the 
order of 10* 13 g (Assuming a molecular weight for the protem of about 
100,000 this quantity is equivalent to 10~ 18 gram molecules, i e , only about 
10 5 molecules ) 

(2) In each subject, a comparison of the reaotion elicited by histamine 
with those by dandruff protem showed that similar sized results were only 
obtamed with histamine solutions about 1,000 times stronger Smce the 
molecular weight of the dandruff protem is probably about 1,000 times 
greater than that of histamine (100,000 as compared with 100), if the 
dandruff reactions are mediated by histamine, then each dandruff molecule 
must be supposed to liberate about 1,000,000 histamine moleoules This 
liberation must also be supposed to occur very rapidly — say within one half 
mmute This consideration might suggest that the H-substance of Lewis 
is not histamine itself, but is some pharmacologically more active substance 
in promoting wheal formation 

(3) Neither test subject showed as great a sensitivity to any horse 
serum fraction as to unfraotionated horse dandruff protem 

(4) Of the three horse serum fractions which were tested, albumin gave 
the largest response in each subject In the strengths of 0 5g /100ml , for 
example, subject T only responded to serum albumin In this and lower 
strengths, subject J responded most strongly to serum albumin , the 
reaction to euglobulm and to pseudogiobuhn being explainable if these 
solutions were contaminated with albumin to the extent of about 0 1%, and 
1% respectively Evidence will be presented later to show that this order 
of contamination was in fact present 

(5) The results set out in Table V also shoved that the active wheal- 
promoting material in dandruff extract and serum albumin could not be a 
single substance common to each For whereas subject T reacted more 
strongly than subject J to a given strength of dandruff, he reacted less 
strongly than J to a given strength of serum albumin The results can 
most simply be regarded as examples of cross-reactions to serum albumin, 
which is, on this hypothesis, antigemcally related to hut not identical with 
dandruff albumin The cross -reaction hypothesis accords also with the fact 
that the cross-reactions to serum albumin were weakei than to the allergen 
in dandruff extracts 

Tests with special hoise serum fractions Horse serum albumin has 
been separated by Hewitt (18, 19, 20, 21, 22) into carbohydrate-free 
orystalline albumin, named “ orystalbumin,” and into carbohydrate-rioh 
fractions known as “ seroglyooid ” and “ globoglycoid ” with higher molecular 
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v eights It seemed desirable to determine whether the most highly purified 
crystalbumin available would produce reactions when pricked into the 
asthmatics’ skin Dr Hewitt kindly supplied three horse serum albumin 
fractions — 

1 Crystalbumin which had been recrystalhzed twelve times 

2 A solution Ticli m seroglycoid 

3 A solution nob m globoglycoid 

The seroglycoid and globoglycoid could not be regarded as free from 
crystalbumin The three fractions were each diluted so as to contain 0 5% 
protein and tested in subject J 

TABLE VI 


, | Subject J 

Strength Reaction diameter 
Test solution p / 100 ml i (mm ) 

1 i Wheal | Flare 


1 

Crystalbumin 

0 05 | 

5 1 

i 

20 

0 

Seroglycoid 

0 06 j 

) 

i 

18 

3 

Globoglycoid 

0 06 l 

i 

10 


Each result reprc 
seats the in erago of 
four measure 
ments 


The largest response was given by the highly purified crystalbumin 
The reactions given by globoglycoid- and seroglycoid-nch solutions were 
consistent with albumin contents of between 10% and 20% concentration 
wliioh according to Dr Hewitt might veil have been present Although 
the exact nature of globoglycoid and seroglycoid is unknown, and the 
difference between globoglycoid and crystalbumin even disputed (Rimmgton 
and an den Ende (32)), these results show that crystalbumin itself gives a 
cross-reaction in the horse asthmatic skm test Comparison of Tables V 
and VI show a somewhat weaker reaction with the highly purified albumin, 
but as the tests were not performed m parallel, this should not be taken as 
definite evidence of a loss of potency m the purified product In other 
experiments with fresh horse serum and similar material stored m sealed 
ampoules with cresol for prolonged periods, loss of activity could be shown 
m the stored material by skm testing 

Cross-reaction between dandruff protein and serum albumin m passive 
transfer experiment Six sites on the skm of a normal volunteer were 
inoculated mtradermally with serum (1/20 ml /site) from subject J After 
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24 hours, two sites were prioked with horse dandruff extract (0 46%), and 
two with horse serum albumin (2%) In each case a typical wheal (7-8 mm 
in diameter) and flare (26-36 mm m diameter) appeared After a further 
lapse of 24 hours, the remaining two sites were prick tested, one with horse 
dandruff extraot, the other with horse serum albumin , wheals and flares 
were obtamed as on the previous day But the sites already tested reaoted 
neither to serum albumin nor to dandruff extract The experiment was 
repeated on another normal volunteer with similar results It was concluded 
that passively sensitised sites could be made to produce a full reaction and 
desensitised either by dandruff extract or by serum albumin This conclusion 
provides further evidence for the view that the asthmatic’s sensitivity is to 
a single dandruff protem of albumin type, which is antigemcally related to 
serum albumin (This experiment does not confirm the findings of Tuft 
(38), who considered that horse dandruff and horse serum showed specific 
desensitising effects In Tuft’s experiments, greater sensitising doses of 
serum from patients were used , this leads to a larger area of sensitised skin 
so that desensitisation is a less precise procedure ) 

IV Antigemc relationship between dandruff and serum proteins m the rabbit 

The advantages of the quantitative precipitin reaction, using the method 
of optimal proportions (Dean and Webb (6)) have already been mentioned, 
and this method was used throughout m the following experiments Babbits 
were injected with horse dandruff extracts or with horse serum and its 
fractions, and precipitating antisera produced The specificities of these 
antisera were tested toward the dandruff and serum proteins In some 
experiments, the specificity was more exactly defined by adsorption of some 
of the preoipitm components 

Methods 'Four Angora rabbits, each weighing about 6£ lbs , were given 
intensive courses of injections as shown in Table VII In each case, the 
first two injections were mtrapentoneal, while subsequently the intramuscular 
route was used Periodically, rest intervals were allowed m which no 
injections were given Blood was withdrawn towards the end of these 
periods to assess the progress of precipitin production Final bleedings 
were made two weeks after completing the injection courses The rabbit 
injected with dandruff extract received a smaller dosage (reckoned as total 
protem) than the other ammals, since the extracts contamed a low r er 
concentration of protem than the serum preparations No rabbit was given 
the serum pseudoglobuhn as this preparation was judged to contain too 
great an admixture of the other proteins to produce an even relatively 
specific antiserum 

For the titration of an antiserum, 0 6 ml amounts of graded antigen 
dilutions were placed in suitable dilution in small test tubes (§" in diameter) 
and 0 6 ml quantities of antiserum were added rapidly to each The 
mixtures were placed in a water-bath whioh was thermostatically maintained 
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TABLE VII 


Time and dosage used for immunisation of rabbits 


Animal 

1 

1 Material injected 

1 1 

Total duration 
of immunisation 

Total dosage 
of protein 

1 

j Horae scrum 

17 weeks 

1 9g 

o 

1 Scrum albumin 1 

11 weeks 

He 

3 

1 Serum cuglobulm i 

11 weeks 

0 44 g 

4 

| Dandruff extract 

8 weeks 

0 14 g 


at 40°C and fitted with, a glass face The tubes were illuminated from 
above and observed continuously so that early signs of precipitate formation 
could bo readdy seen ns an opalescence The optimum mixture of antigen 
and antiserum was determined from the tube m v. Inch a granular precipitate 
first appeared If, m another experiment, the antiserum was further diluted, 
then the optimum concentration of antigen was correspondingly reduced, 
the optimal proportion remained the same though the precipitate took 
longer to form and was diminished m amount It was found convenient to 
use antiserum dilutions such that a granular precipitate was formed m 
about 30 minutes, and in this way, mixtures containing the optimal proportion 
could readily be distinguished from mixtures differing twofold in antigen 
concentration 

Antigen and antiserum dilutions were always allowed to warm m the 
bnth before mixtures were made Accurate and rapid delivery of antigen 
was made from a 2-way tap connecting a reservoir with a sjumge clamped 
so as to fill to the 0 5 ml mark , on turning the tap tins amount could be 
expelled into the antigen tube In the bath, the level of the mixture m the 
tubes was maintained a little above the surface of the water so that 
convection currents kept up a gentle circulation m each tube In preliminary 
titrations of each antiserum, a senes of antigen dilutions differing 10-fold 
m strength were used The final results were obtained using suitable 2-fold 
dilutions of antigen mixed with a dilution of antiserum chosen so as to give 
precipitates m about 30 minutes For adsorption tests, suitable dilutions 
were rapidly mixed, maintained at 40°C for 2 hours and then allowed to 
stand 12 hours at 5 C C before centrifugal separation of the flocculent 
precipitate 

Results and conclusions The results obtained are set out m Table VTTT 
in which each expenment is numbered for convenience m reference 

Experiments 1-4 showed that the antiserum produced by injecting 
unfractionated horse serum gave precipitates not only with serum fractions 
but also with dandruff 
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Optimal 
antigen 
concentration 
g /100 ml 
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Experiments 5-8 show further that the antiserum to horse serum 
albumin also precipitated both serum albumin and dandruff protein This 
antiserum failed to precipitate serum euglobuhn in the range of concentrations 
tested (shown at foot of Table VIII) but produced a precipitate when mixed 
with the preparation of pseudoglobulin (Reasons will be given below for 
assuming that this effect was due to albumin remaining m the pseudoglobuhn 
solution ) 

Experiments 9-12 mdicate that the euglobuhn solution also contained 
some albumin, for the antiserum to euglobuhn gave precipitates both with 
albumin and with pseudoglobuhn The amount of a precipitin produced is 
known to bear no simple direct relationship to the amount of antigen injected, 
so tliat no further conclusion can be drawn from this antiserum 

Experiments 13-18 show that the antiserum produced by injecting 
dandruff extract gaie precipitates both with dandruff and with serum 
albumin, but not with the serum globulins m the concentrations tested 
Again, then, the cross relationship between dandruff and serum albumin is 
confirmed Some individual specificity for the antigen injected dandruff 
extract is evident m Experiments 17 and 18 which show that on further 
dilution, the antiserum failed to precipitate serum albumin while still being 
actne against dandruff extract 

For Experiments 19-22, the antiserum was the same as that used in 
ExjKrimcnts 1-4 In this series, a preliminary adsorption had been carried 
out by ndmixture of serum albumin As a result, the antiserum though 
still capable of precipitating either of the globulins, gave no precipitate either 
with scrum albumin or with dandruff extract This effect is the converse of 
the observations made in Experiments 5-S and 13-10 

To understand the precipitate formed in Experiment 7, when pseudo- 
globulin was mixed with “ antialbumin,” the quantitative results shown m 
the last colunm must be considered Since the antiserum (at a dilution of 
1 50) gave an optimal precipitate with 0 002% albumm ( Experiment 5) and 
with 0 5% pseudoglobuhn ( Experiment 7) the observations are consistent 
, 0 002 

wntli a proportion of albumm of — X 100 - 0 4% of the total protein 

present in the pseudoglobulin preparation A similar proportion (!%) was 
postulated on p 138 when discussing the results of skm testing the human 
subjects Evidence that this explanation is correct is afforded by further 
experiments — 

(1) The same sample of pseudoglobuhn purified to a smaller degree by 
two, instead of four, precipitations wnth ammonium sulphate reacted 
optimallv with the “antialbumin” at a concentration of 0 05% This is 
consistent with 4% of the less highly purified pseudoglobuhn preparation 
being albumin 
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(2) After addition of excess albumin to the “ antialbumin,” a further 
precipitate could no longer be obtained on admixture with pseudoglobuhn 

(3) After adsorption of the “antialbumin ” with 0 5% pseudoglobuhn, 
no further precipitate could be obtained on admixture with albumin 

The specimen of euglobulin, though containing traces of the other serum 
proteins as shown by Experiments 0-12, could not have contained much 
albumin Comparing Experiment 5 with Experiment 6 (in which 0 6% 

euglobulin was the highest concentration tested) less than — — = 0 4% of 

0 6 

the protein was made up of albumin Again referring to p 16, skin testing 
suggested the presence of about 0 1 % of albumin in the euglobulin prepara- 
tion used Clearly, the complete removal of traces of a soluble protein 
hke albumin from the precipitates Used to prepare the globulins is a 
matter of some difficulty 

The precipitin reactions which have been described prove an antigenic 
relationship between horse serum albumin and horse dandruff protean, and 
fall into bne with the ohemical results and the skm test findings given m 
previous sections Experiments 17 and 18 demonstrate the individual 
specificity of “ antidandruff ” serum Analogous specificity was found for 
the “ antialbumin ” For whereas adsorption of “ antialbumin ” with serum 
albumin removed all precipitms both for albumin and for dandruff extract, 
adsorption of “ antialbumin ” with dandruff extract failed to remove all 
the antibodies which could precipitate albumin in spite of complete removal 
of its activity against dandruff Quantitative measurements m this 
experiment showed — 

(1) Admixture of dandruff extraot removed about 76% of the “anti- 
albumin ” as judged by the fall in optimal concentration of serum albumin 
for precipitation with this adsorbed serum 

(2) Using two samples of 6 ml “ antialbumin ” serum, A and B, A 
mixed with albumin, B with dandruff extraot, each in optimal proportions, 
more protein was precipitated with the direct reaction with A, than with 
the cross-reaction with B The amounts obtamed from inicro-Kjeldlial 
analysis of the precipitates were — A (albumm-antiaibumin mixture) — 1 4 
mg protein , B (dandruff-antialbumm mixture) — 0 9 mg protein 

These experiments strongly support the hypothesis that the antigemcally 
active protein in the dandruff extracts is an albumin, related to but not 
identical with serum albumin The alternative hypothesis that dandruff 
extract contains a mixture of antigemcally active, unrelated proteins with 
some a dmi xture of serum albumin was considered and rejected since many 
of the results obtamed would be difficult to interpret on this basis Nor 
has any evidence m favour of this more complex possibility been discovered 
(as, for instance, a double optimum in the precipitin reactions between 
dandruff extract and the antidandruff serum) 
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Discussion 

Dandruff and serum albumin significance of relationship The existence 
of two proteins closely related in chemical and serological properties has been 
discovered in the dandruff albumin and serum albumin of the horse, and 
has not, so far as is known, been previously described Such relationships 
are recognised among proteins of different species (e g , ] Hemoglobins), but 
when proteins from different sources in a single species have been studied m 
a sufficiently pure state, they have always been found to be distinct (c g , 
luemoglobin, serum albumin, serum globulins) The distinction between 
serum albumin and the globulins has once more been confirmed in this work 
but the well-known clinical relationship in asthmatic patients between 
dandruff and serum sensitivity has been found to be due to an antigemc 
relationship between dandruff and serum albumin Nor does the relationship 
rest upon some peculiarity of the human allergic state, smee analogous 
cross-reactions were found in the sera of rabbits immunised with serum 
albumin and w ith dandruff extract 

Such a finding deserves further study by accurate chemical definition 
of the dandruff protein m terms of its ammo-acid composition and physical 
characteristics (as defined, for example, by electrophoresis and ultracentnfuge 
experiments) Most of the work winch has been described here w r as carried 
out in isolation during 1042-3, and could not then be extended in such 
directions Further studies are now planned, but some speculation as to 
the possible biological significance of the findings already available seems 
justified 

The presence of an albumin m the desquamating skm cells of the horse 
might be due to local synthesis by the skm of a protein similar to that turned 
out bj the In er* into the circulation as serum albumin Alternatively, 
serum albumin itself might escape from the circulation and be taken up by 
the skm cells to be used as a cellular component after suitable modification 
The latter hypothesis seems the simpler, and is m accord with recent work 
(40, 7) showing that serum albumin freely leaves (and indeed re-enters) the 
circulation From isotope studies (36), tissue constituents can no longer 
be regarded as isolated from the general bodily economy, receiving simple 
nutriments and returning even simpler waste products — even complex 
materials like protein molecules are m a constant state of exchange flux 
From its small size, albumin is the most likely plasma protein constituent 
to enter mto this cellular exchange The precise contribution which might 
be made by such a protein witlun the cell can at present only be a matter of 
surmise, but there is some evidence to show that protem synthesis is generally 
accompanied by linked protem breakdown Thus, it is possible that the 
production of specialised proteins (e g , keratm) depends upon the energy 
liberated from the breakdown of albumin Agam, albumin has certain 

* The liver is regarded as the most likely source of serum albumm although this hypothesis 
still awaits unequivocal proof 
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special pioperties which enable it to form hpoid and carbohydrate complexes 
which may be of importance within the cell as well as in the circulating 
plasma Such suggestions as these are to be regarded as a basis for further 
experiment rather than as anything approaohing firmly proven fact 

It is important also to avoid reading more into the experimental findings 
than is justifiable The absence from dandruff of antigenic globulin (as 
shown by the rabbit experiments) may inchoate the absence of this type of 
protein m the skm cells of the horse But equally, the drying undergone 
by the desquamating epithelium and the use of ether in defatting the scales 
before making extracts may have rendered such material insoluble and 
prevented its appearance in the extracts The antigemo difference of 
dandruff albumin from serum albumin may similarly have been an exhibition 
of shght denaturation rather than some specific functional alteration of this 
protein in the skm cells of the horse 

The ability of albumin to withstand drying and other treatment without 
becoming insoluble or much degraded is no doubt related to its role as a 
sensitiser in asthma It seems probable that the allergens of grass pollen 
(15) and of ragweed pollen (37), for mstanoe, are albumins also, so that the 
finding for horse dandruff is not unique Whether the tendency for 
asthmatics to become sensitive to various species of animal should be 
regarded as an example of cross-reactions to partially denatured albumins 
(m which species specificity is known to be somewhat reduced) can only be 
decided after large-scale quantitative skm testing with a wide variety of 
allergens 

Suoh general considerations and the unanswered questions which they 
evoke must not be allowed to distract attention from immediate practical 
problems — the diagnosis, severity grading, possible treatment of the 
asthmatic patient and provision of sera smtable for administration to 
asthmatics Some observations arise from this work under each of these 
headmgs 

Specific diagnosis and seventy grading of asthma Untd in vitro 
serological methods are devised, specific diagnosis m asthma must rely upon 
careful skm testing For this method to be efficient, allergen preparations 
of known potency must be available Simple nitrogen determinations of 
dandruff extracts are not adequate as a basis for standardisation since a 
variable quantity of non-protein nitrogen is present m the preparations 
Protein nitrogen would be a better basis, and better still, would be a purified 
albumm fraction prepared from the filtrate after saturation of the extract 
with sodium sulphate Although such purified extracts, Seitz-filtered to 
obtain sterility, and stored m sealed ampoules are probably fairly stable, 
the experience woth serum albumm (p 139) suggests that the only ultimate 
standard of potency must be a quantitative human biological assay, 
comparing extracts for issue with a freeze-dried standard The quantitative 



HORSE ANTIGENS IN ASTHMA 


147 


skm testing methods w Inch hare been described m this report provide a 
basis for such work, and indicate the number of tests which w ould bo required 
for any gnen level of reliability Such standardised preparations could be 
used for grading asthmatics m severity, for following the development of 
sensitivity (a process about which little is known) and for studying the 
disappearance (or masking) of sensitivity achieved by treatment 

Specific treatment of asthma Considerable success has followed the 
administration by injection of graded doses of pollen extract to hay-fever 
patients, though the mechanism underlying the results is still disputed (27, 
10) Similar results are possible with horse dandruff extracts (see, for 
instance, early 7 results obtained with horse serum by Goodale, 12), though 
it is likely that up to the present many physicians have been deterred from 
attempting such treatment by the lack of suitable clean, standardised 
allergen preparations These can now be prepared and standardised m the 
manner suggested Administration of dandruff protein will have to be made 
inth great care, as shown by the minute dosage producing marked skm 
reactions Preliminary protection of the patient with full dosage of tho new 
“antihistamine” drugs would minimize reactions to the allergen (Harley 
(17)) and it is possible that such a method would greatly accelerate specifio 
treatment 

Antisera suitable for administration to asthmatics On occasion, tho 
sufferer with horse asthma needs serum treatment for unrelated conditions 
For example, a scveiely contaminated wound may 7 make the administration 
of anti-tetanic serum desirable If skm tests earned out on a large senes 
of horse-sensitive asthmatic patients confirms the finding that they are not 
affected by the globulin fractions of horse serum, methods of producing 
albumin-free antisera should be adopted It lias been seen that successive 
precipitation with ammonium sulphate can reduce the albumin content of 
globulin fractions to less than 0 5% of the total protein Antisera which 
w ould be safe to mject into severe horse-sensitive asthmatics would need to 
contam very much less than this amount But serum albumin and 6erum 
globulin differ sufficiently m chemical nature for more efficient methods of 
separation to be devised, and for a safe antiserum to be attainable If 
possible, such preparations should then be used universally, since severe 
reactions still occur m patients who are unaware of their horse sensitivity, 
or who fail to disclose it These antisera could not be guaranteed not to 
produce reactions m patients previously injected with horse globulins, but 
it is likely that accidents originating m this way are relatively rare, and 
seldom ns se\ ere as the reactions seen in asthmatic patients 

SUilltARY 

1 Sensitivity to horse emanations is frequently accompanied by 
sensitivity to horse serum, so that severe reactions may follow administration 
of antisera prepared from horses This paper describes experiments made to 
define the relationship between horse dandruff and horse serum antigens 
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2 Experimental observations were made on two liorse-sensitive 
asthmatics using the pnck method of skm testmg The reliability of this 
method was established by repeated testmg with histamine and sub]eotmg 
the results to analysis of variance The prick test was found to introduce 
about 3 x 10 -6 ml into the skin 

3 Quantitative prick tests were used as a basis for studying the 
chemical nature of the antigen in horse dandruff extracts, which was found 
to have the properties of an albumin 

4 Further tests showed that the asthmatio subjects were also sensitive 
to horse serum albumin, including highly purified preparations of cryst- 
albumin Other horse serum protems appeared to give no effects except 
those due to contamination with serum albumin Quantitative considera- 
tions showed that the reaction to horse serum albumin was best regarded 
as an immunological “ oross-reaetion ” due to the relationship between 
serum- and dandruff-albumin rather than to the presence of a common 
substance m serum and dandruff 

5 Precipitating antisera were obtained m rabbits by injection of horse 
dandruff and of horse sorum protems Again antigenic relationships were 
found to exist between horse dandruff protein and horse serum albumin 
Adsorbed sera and quantitative estimations of precipitate formation with 
mixtures of antigens and antisera in optimal proportions gave further support 
to the “ cross-reaction ” concept 

6 The implications of these find mgs have been discussed The presence 
of an albumin m the skm oells of the horse probably derived from serum 
albumin suggests that cell protems may not be entirely bmlt up m each 
tissue from ammo-aoid synthesis Practical implications for diagnosis, 
severity grading and treatment of asthmatic patients are discussed Anti- 
sera such as antitetamc serum could probably be made safe for administration 
to horse-sensitive asthmatic patients if they were completely freed from 
horse serum albumin 

APPENDIX I 

Notes on history of subjects used m skin tests 
Subject T (Medical practitioner ) 

Age when tested — 29 ( now 35) 

History 

Suffered from broncho pneumonia at age of 5 When 0 years old, asthma attacks were 
noted after contact with horses and cats Cat scratches induced wheeling and intense itching 
Horse dander also produced rhinitis and conjunctivitis (horse reactions thought to bo more 
rapid at onset and more severe than those due to cats) Skm testing at age of 0 confirmed 
sensitivity to horse and cat extracts Sensitivity to dogs also noticed after age of 23 after 
receiving “ desensitising ” mjeotions containing mixed animal hair and feathers 

Has also suffered from hay fei er (vasomotor rhinitis) every s umm er from Hay to September 
for many years, and giies positive skin reactions to grass pollen extracts Mild eczema, mamlj 
on soles of feet, between ages of 6 and 7 

Asthmatic attacks have been recurrent since childhood, with no tendenoy to become milder 
When living m the country, patient takes aspirin nightly to avoid being awakened by 
bronchoBpasm In town, this may not be required, but after contaot with animals, ephednne 
or adrenaline is required to control attaok 
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Severe attacks of asthma have followed contact with sister's riding elotheB Following 
mtradermal tests on one occasion local and generalised reaotion followed including asthma, 
rhirutfs, conjunctivitis and cedema of arm and face, and nee d i ng adrenaline administration 
Subject was unable to complete “ house appointments " m hospital owing to cat asthma, and 
chose career as pathologist to avoid living in hospital or visiting patients’ homes 

tamily history 

Mother — hay fever (died with disseminated sclerosis) 

Father — eczema late in life (died pulmonary phthisis) 

Paternal uncles — ! asthma (detailed history not available) 

Sister — alive and well — no allergic symptoms 

Treatment tried has included “ desensitising ” injections and, recently, “ antihistamine ” drugs 
without success aspirin has been found useful to control mild attacks, ephednne or adrenaline 
for sev ere attacks 

Subject T (Medtcal student — now practitioner ) 

Age when tested — 22 (noie 29) 

History 

In infancy (* age 2-4) subjeot suffered with tonsillitis and adenoids Tonsillectomy was 
performed was followed by broncho pneumonia and then by whooping cough “ Bronchitic ” 
attaoks persisted and were only gradually recognised as bronchial asthma 

Definite sensitivity to horses was present at age 4, e.g , after ridmg, wheezing forced subject 
to return home Severe urticaria once noticed at a “ meet ” 

Sensitivity to dogs was suspected at age 8 9 following close contact, but has never been 
as marked as horse asthma 

Hay fever and summer asthma (June September) started at age of 7 9 No evidence of 
sensitivity to other farm animals (e g , bullocks and sheep) 

Since childhood, has suffered with recurrent mild attacks of asthma nearly every night 
unless ephedrine is taken Often worse June September especially if subject is m the country 
Free from attacks for a whole month once when at sea Bad attacks also follow upper respiratory 
tract infection two or three tunes each winter 

Family history 

Father died cardiac asthma (no allergic historj ) 

Paternal grandmother — astlima from age of I till death at 65 
Mother — ahv e and well — no allergic historj 

Treatment 

Ephednne for control of attacks , apparent benefit from descnsitisation rejection courses 
with pollens , breathing exercises 
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THE ACTION OF NORADRENALINE IN MAN AND ITS 
RELATION TO PH.EOCHROMOCYTOMA AND HYPERTENSION 

By A J BARNETT, 1 R B BRACKET, 3 A E DEPOORTER, 3 
P H SANDERSON and G M WILSON * 

( From the Medical Unit, Si Mary's Hospital Medical School ) 

The chemical structure and pharmacological activity of several 
sympathomimetic annnes were investigated by Barger and Dale (7) who 
pointed out that the actions of adrenaline and the effect of sympathetic 
nerve stimulation were not always similar and that the latter often resembled 
more closely the action of ammo ethanol catechol (noradrenaline) They 
also demonstrated that the latter substance usually had a distinctly greater 
pressor activity Interest in the subject of sympathetic mediators was 
revived by the demonstration by Euler (17) of a substance isolated from 
sympathetic nerves with actions closely resembling those of noradrenaline 
More recently Gaddum and Goodwin (21) found that the substance released 
on stimulation of the hepatic sympathetic nerves (liver sympatlim) had 
similar properties to those of noradrenaline, and Peart (34) has reached 
similar conclusions for splenic sympatlnn Bulbring and Bum (12) have 
shown that noradrenaline is released from the normal adrenal gland 

The widespread existence of noradrenaline m the body and the demon- 
stration of its presence in a phreochromocytoma removed from a patient with 
hypertension who came under our observation have led us to examine the 
circulatory actions of noradrenaline m human subjects and to consider how 
far they resemble the changes seen m hypertension Since tins work was 
begun, investigations on noradrenaline m man have been reported by 
Goldenberg and others (22), Barcroft and Konzett (6), and Swan (43) 

Part I The action of noradrenaline on normal man 

Methods 

Synthetic lcevo-noradrenalme, provided through the kindness of Dr 
Tamter of the Wmthrop Chemical Co , was used m most experiments The 

*\\e wish to thank Dr D W Brooks Dr J W Litchfield and especially Prof G V 
Pickering at who^e suggestion the work was earned out, for permission to investigate the patients 
under their care and to publish the case reports Prof W D Xewcomb for reports on the 
histological specimens 'Mr D A. Tanfield of the Department of Physics Dr K "N Cross of 
the Department of Physiology and Mr C Brooke Smith of Southern Instruments Ltd for 
assistance with the manometer Prof Llovd Evans of Unuersity College, London, for loan 
of equipment and the students and others who served aa subjects for the experiments 
1 Scholar of the Returned Soldiers' Association of Australia 
1 In receipt of a personal grant from the Medical Research Council 
* British Council Scholar 
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racemic mixture (d-1) was also used and had about half the activity of the 
pure Isevo form The pure substance was prepared m 1 1,000 solution 
according to the B P formula for adrenaline injection,* and sterilized by 
autoclaving Assays by Mr J J Brown on the cat showed that the solution 
kept m the refrigerator for three weeks, the longest period before use, showed 
no loss m activity 

Throughout each experiment saline was infused through a needle 
inserted mto a vem of the arm or leg The noradrenaline solution was 
injected through a side arm of the system by a mechanically driven syringe 
dehvermg 1 ml per minute In each observation the subject received sahne, 
noradrenaline and salme m successive periods The general appearance of 
the subject, the pulse rate and the blood pressure were noted and m some 
cases electrocardiograms were taken 

In some experiments the arterial pressure was measured directly from 
the femoral artery by a capacitance manometer An 18 gauge Record 
needle was inserted into the arterial lumen under local amesthesia and was 
connected by a three way tap to the manometer incorporated in the hydraulic 
system without intervening tubing Photographic records were obtained 
from a cathode ray oscillograph connected to the electrical system of the 
manometer The natural frequency of the system including the needle was 
about 100 cycles per second The instrument was cahbrated against a 
meroury manometer at the beginning and end of each experiment This 
type of instrument was chosen in preference to a membrane manometer of 
the Hamilton type because it can be incorporated directly in the needle 
system The wide rigid lead piping which should be used if a membrane 
manometer is to retain its more desirable physical properties can thus be 
discarded Furthermore, the capacitance manometer is readily assembled 
for use and there is no complex system of mirrors and lenses to manipulate 

Heat elimination from the hand of the warm subject was measured m a 
Stewart calorimeter modified by Greenfield and Scarborough (28) The 
forearm blood flow was estimated by the venous occlusion plethysmograph 
with the surrounding water bath maintained at 34 °C The plethysmograph 
was fitted close to the elbow to include as much muscle as possible and the 
lower forearm and hand flow was excluded by a cuff 

Inulm and diodone clearances were determined by the procedure and methods of analysis 
described by Sanderson (40) with the exception that inulm was estimated by a diphenylamme 
method without preliminary yeast treatment The procedure was as follows 2 5 ml. of plasma 
filtrate or diluted urine were heated with 6 ml of diphenylamme reagent m a boiling water bath 
for 12 minutes, and oooled in r unnin g tap water for 4 minutes The resulting coloured solutions 


* Formula 

Noradrenaline 0 1 g 

Tartaric acid 0 08 g 

Sodium metabisulphite 0 1 g 

Sodium chloride 0 8 g 


Water for injection to 100 ml 
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were compared with standards in a photoelectric absorptiomctcr, using Ilford G04 filters (max 
transmission r >20 m [^) Proteins were removed from plasma by the cadmium h\droxidc method 
(20) using 1 in 10 dilution The diphcn>lnmme rengent was prepared bj dissolving 2 7 gm 
diphenvJntnme in 00 ml glacial acetic acid, and when solution vias complete adding 00 ml 
concent rated h\ dro chloric acid 17ns solution was prepared freshlv on each occasion. Standards 
were made from a stock inulin solution on each occasion the standards for plasma were prepared 
b\ taking 1 ml lots of plasma drawn before the inulin infusion began adding known amounts of 
inulin and then precipitating the proteins with cadmium hvdroxide Bv heating for onlj 12 
minutes the plasma blank colour is great 1\ reduced much more so than the colour due to inulin 
and in our experiments the plasma blank colour was gcnerallj cqim alcnt to about 4 mg inulm/100 
ml Tlie plasma inulin levels employed ranged from 28 to 40 mg /100 ml It was thought 
that the infusion of noradrenaline might vitiate the inulin figures through a rise in the blood 
sugar and consequent rise in the plasma blnnk colour However analyses of a senes of blood 
samples drawn l>efore, during and after noradrenaline infusion m the absence of inulin, mdicated 
that variations m the plasma blank colour due to this cause were insignificant In all experiments 
except "No 77 the noradrenaline infusion was l>egiin immediatelv after the end of the second 
clearance period but the third period was not l>egun until the infusion had been running for 
ten minutes the urine collected during these ten minutes was discarded The noradrenaline 
infusion was stopped at the end of the third period and was followed by another ten minute 
diH-nnl period In experiment No 33 no discard periods were interposed and the second period 
coincided exactly with the noradrenaline infusion 

Most of the subjects were health} male students, but a feu infusions 
wero also gnen to some older patients free from circulatory disease For 
comparison 0 infusions of commercial 1-adrenaline were gnen This pre- 
paration was not assayed for noradrenaline, but it may have contained a 
•variable amount of norndrenaline (4) The adrenaline used for the intra- 
arterial records \vns synthetically prepared 

The effects of noradrenaline in fusions 

Subjcchie sensations With the smaller doses of 1-noradrenahno (1-15 
gg per nun ) the majority of subjects had no abnormal sensations A few 
noted a sense of constriction behind the sternum associated with an increased 
awareness of respiration, but this passed off in most subjects within a few 
minutes Some complained of nnld palpitations, hut this was uncommon 
With larger doses up to 30 gg per minute all these symptoms were shghtl} 
more frequent Only one subject complained of headache , lus blood 
pressure at the time was 100/120 Others with a similar degree of hyper- 
tension were unaffected It should be emphasised that all the above 
sensations were mild and m no way interfered with the performance of the 
experiments 

General appcaranc-es Witlun about 14 minutes of beginning the 
administration of noradrenaline a definite blanching of the face, lips and 
mucous membranes of the mouth and a less obvious pallor of the limbs 
developed and persisted throughout the infusion On stopping the infusion 
there was a feeling of warmth and a pronounced flushing of the face appeared 
and persisted for a few minutes 

Tlie mucous membrane of the ileum seen in nil ileostomy paled during 
an infusion of 25 gg per minute Tlie rectal mucosa seen through a procto- 
scope a ho paled slight!} during an infusion of 23 gg per minute Intradenml 
injection of 0 1 ml of 1 1,000 to 1,000,000 dilution of 1-noradrenaline produced 
local intense pallor and gooseskm Injection into the mucous membrane of 
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the ileum also produoed local pallor The veins near the infusion needle 
constricted with noradrenaline, at times so mtensely as to stop the infusion 

In two subjects reoeivmg 30 pg 1-noradrenaline per minute for 1G and 
40 minutes respectively, a soft swelling in the region of the thyroid gland 
developed In the subject receiving the shorter infusion the swelling 
subsided within an hour In the other, at the end of the infusion, the neck 
measured 44 cm m oiroumferenoe and after six hours resumed its normal 
measurement of 39 cm In some subjects a similar, but much loss 
conspicuous swelling was observed In none of the subjects receiving 
noradrenaline alone was any venous congestion noted in the neck 



Fig 1 The effect of noradrenaline on the heat elimination from the hand 


Pupil No changes in the size of the pupil were seen during infusions 
at a rate of up to 30 pg per minute or from dropping of 1-noradrenahne m 
1 1,000 solution into the conjunotival sac 

Pulse rate and Hood pressure Our results confirm those of all other 
workers m showing that infusions of noradrenaline in the doses used 
invariably produced a rise in systolic and diastolic blood pressure, and a 
slowing of the pulse (Table I-UI) The results obtained with the oapacitance 
manometer will be described later 

Heat elimination from the hand Table I summarises the observations 
In eleven the heat elimination fell during noradrenaline to rise again after 
its termination A representative result is shown m Tig 1 In three there 
was a progressive rise or fall during the observations The constrictor effect 
of noradrenaline was, as anticipated, most easily demonstrated when the 
hand vessels were dilated. 



PAULI. I 

ttlootl ]>miurc f puhe rate and hr at elimination from the hand before durimj and 
after noradrenaline tnfusions m normal subjects 
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Forearm blood flow Table II summarises the results m 10 observations 
In all the subjects the blood flow was reduced In two cases the alteration 
was shght When a marked depression of the blood flow developed there 
was a transient hypersemia on stoppmg the noradrenaline (Fig 2) 

Renal clearances The results are summarised in Table III, and the 
changes in one experiment are seen m Fig 3 It will be seen that the usual 
changes m blood pressure and pulse rate occurred m each experiment The 
inulin clearance showed little change except m experiment 31, in which it 
fell by 18% from the values without noradrenakne (average of periods 1, 2 
and 4) In the remaining subjects it either fell very sightly or showed no 
significant change The average change mduced by noradrenaline m all 



Fig 2 Tho effect of noradrenaline on the forearm blood flow (F B F ) 

experiments was — 5% On the other hand, the diodone clearance vas 
considerably depressed m all six experiments The largest deviation from 
the control value was — 31% and the smallest 12%, the average deviation 
being —26% It follows from this that the filtration fraction (CUn/CD) 
showed a consistent elevation with noradrenaline The largest increment 
was 8 0, the smallest 2 9, the average in the 6 experiments was 6 4 

The urine flow was recorded in experiments 32 and 33 , there was a 
suggestion of a fall during the noradrenaline infusions but the changes were 
shght and probably not significant In experiment 35 where no catheter 
was used, a water diuresis was induced to aid voluntary emptying o e 
bladder The fall in urine flow in period 3 is more likely to have been 
part of the normal subsidence of the diuresis than an effect of noradrenaline 
since the effect is still more marked m the two control periods which followed 
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The considerable inhibition of diuresis seen in period 4 was probably of 
psychic origin as there was an extraneous disturbance at the time In the 
subsequent period the diuresis made a considerable recovery towards its 
former level 



Fig 3 The effect of noradrenaline on renal clearances 


Intra-arterial pulse records and a comparison of the actions of adrenaline and 

noradrenaline 

The results obtamed by measuring the arterial pressure with the 
sphygmomanometer by the auscultatory method suggest that the actions 
of adrenaline and noradrenaline on the circulation differ m a material uay 
Thus it seems that noradrenaline raises the diastolic pressure while adrenaline 
often leaves this value unchanged or reduced But it is sometimes found m 
experiments with adrenaline, as m patients with aortic regurgitation, that 
there is no abrupt fading of the sounds as the pressure m the cuff is gradually 
lowered and the observer is naturally led to inquire how vahd are the indirect 
readings of arterial pressure under these grossly abnormal states of the 
circulation 

Considerations such as these led us to obtain readings of systolic and 
diastolic pressure directly with a capacitance manometer Three subjects 
were given 30 gg 1-noradrenahne per minute and the changes in blood 
pressure and heart rate recorded continuously The experiment was then 
repeated giving 30 gg 1-adrenaline per minute The results are summarised 
m Table IV and the changes observed m experiment 38 are illustrated in 




Blood pressure, pulse rale and forearm blood flow before, during and after 
noradrenaline infusions tn normal subjects 
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Blood pressure, pulse rale and renal clearances before, during and after 
noradrenaline infusions in healthy males 
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Dono without using an indwelling catheter To induce diuresis 1000 ml water were drunk during the 90 minutes 
preceding the first period A total of 1200 ml were drunk during the file periods 
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Fig 4 In a]l cases the response was similai Infusion of noradrenaline 
led to a progressive and steady rise m systoho and diastolic pressure and a 
coincident slowing of the heart The pulse pressure was increased (Fig 5 ) 
The changes with adrenaline were more complex Approximately three 
quarters of a mmute after begmnmg the adrenaline infusion there i\as a 
conspicuous, but fleeting, fall m the systoho and diastolic pressure and a 
considerable cardiac acceleration (Fig 6) Thereafter, the systohc pressure 
rose above, and the diastolic to about the same level as before the mfusion 
was begun In two experiments (36 and 38) the pulse returned to the 
previous rate but in experiment 37 there was considerable slowing throughout 



Fig 4 The effect of noradrenaline and adrenaline on pulse rate , and blood pressure Calculated 
at 16 see intervals from the continuous mtra-artmcal tracings in experiment 38 

the remainder of the infusion The resting pulse rate m this subject vas, 
however, unusually rapid This type of response with adrenaline has been 
reported by previous workers (26, 36) 

Other differences between the two substances were also observed 
Infusions of adrenaline uere accompanied by readily noticeable symptoms 
such as conspicuous trembling and palpitations even when the dosage was 
low Noradrenaline in comparable amounts produced httle m the way of 
symptoms We have also confirmed the observations of Allen and others 
(3) on the effect of intravenous infusion of adrenaline on forearm blood flow 
At the onset of the mfusion at a period corresponding in time with the great 
fall m blood pressure there was a transitory enormous increase m blood flow 
which, however, subsequently settled down at about twice the previous 
resting level The action of noradrenaline and adrenaline on the heat 
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elimination of the hand was approximately similar and mtradermal mjeotion 
of the two drugs in increasing dilutions produced blanching and goose-skin 
m about equal degree 


The nature of the bradycardia 

In the majority of the subjects receiving the smaller doses of 
noradrenaline the rhythm during the infusions was slow, hut regular The 
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Fig 5 Arterial pulse tracings from experiment 36 1 Before 2 Throe mmutee after 

beginning 1 noradrenaline infusion 30 gg /minute Time interval one Becond , pressure in 
millimetres of mercury 
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Fig 0 Arterial pulse tracings from experiment 37 1 Before 2 46 seconds after beginning 

an infusion of 1 adrenaline 30 pg /minute 3 Two minutes later Time interval one 
second, pressure m millimetres of mercury 

intra-arterial records showed that the hypertension and bradycardia developed 
together and there was no evidence that the fall m pulse rate ever preceded 
the rise m pressure Electrocardiographs showed a sinus bradycardia with 
or without lengthening of the PR interval With larger doses, occasionally 
an irregular rhythm was observed and m two subjects this disturbance was 
conspicuous In one the electrocardiogram showed the development of 
complete AY dissociation, hut the records taken immediately before an 
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infusion of 30 pg per minute of noradrenaline showed bundle branch block 
presumably of congenital origin, though the heart was clinically normal 
In the second subject 1-noradrenahne at the rate of 15 fig per minute led to 
sinus bradycardia (Fig 7) At a rate of 30 fig per minute there was a com- 
plete suppression of normal smus activity and the development of ventricular 
complexes of nodal origin Coupling of the beats also occurred and m this 
subject at a later date these changes were reproduced by digital compression 
of the carotid sinuses for 10 seconds These findings suggested that the 
bradycardia was a vagal reflex from the carotid sinus and aortic arch To 
investigate this idea further the response of five subjeots to noradrenahne 
■was studied both before and after the mtravenous administration of atropine 




Fig 7 Electrocardiograms — all lead 2 1 Before 2 During 1 noradrenaline 16 fig /minute 

showing smus bradycardia 3 During 1 noradrenahne 30 /minute showing bradycardia, 
irregular nodal beats and suppression of P waves 4 During bilateral carotid smus 
pressure 

m doses of from 1 2 to 2 1 mg (Table V) The pulse rate after atropine varied 
m different subjects from 84 to 108 In all a shght transient reduction m 
heart rate was noted at the onset of the noradrenahne infusion, but this was 
quickly followed by an increase m heart rate either up to or above the 
previous level, and at the same time there was a great rise m arterial pressure 
The dosage of 1-noradrenahne was restricted to 10 fig per minute, but even 
tins amount, which only produced a shght nse before the administration of 
atropine, led to extremely high pressures m some atropmised subjects On 
stopping the noradrenahne, the blood pressure fell rapidly, but the heart 
rate declined more slowly In one subject noradrenahne after atropine 
produced a rise m venous pressure, seen m the neck veins , noradrenahne 
alone produced no recognisable rise The forearm blood flow was measured 
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m three of these experiments In one the results were inconclusive owing 
to a steady decrease m the values obtained without noradrenaline In the 
other two noradrenaline after atropine led to an increase in the blood flow 

(Pig 8) 

The bradycardia was considered to be vagal in origin consequent on the 
rise in intravascular pressure, for the following reasons The continuous 
intra-arterial records showed that the slowing developed coincidentally with 
the rise m pressure and that in no case did the bradycardia precede the 
hypertension The electrocardiographic changes v ere similar to those 
described by Lewis (32) following excessive vagal activity, and their 



Fig 8 The effect of noradrenaline and intravenous atropine sulphate on blood pressure, pulse 
rate and forearm blood flow 

reproduction in one subject by carotid sinus pressure supported this view 
The evidence with atropine was m conformity, for the bradycardia was very 
largely eliminated It is true that m each experiment the onset of the 
effects of noradrenaline was associated with a transient and slight slowing 
of the heart , but the heart rate following the injection of atropine was 
such as to suggest that the vagus was not completely paralysed After the 
initial bradycardia noradrenaline quickened the heart of the atropimsed 
subject, an effect which may be explained m one of two ways hirst, 
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noiadrenahne is known to accelerate the isolated mammalian keai t (2) 
In normal human subjects acceleration is not seen, presumably on account 
of the reflex vagal inhibition With partial paralysis of the vagus by 
atropine the direct action of noiadrenahne on the heart may be more evident 
Secondly, one of our subjects given atropine and noradrenahne showed a 
use m venous pressure and although we made no direct measurements, it 
is quite possible that an increase in right auriculai pressure may occur and 
lead to cardiac acceleration It is probable that the combination of the 
two drugs leads to a considerable mcreaso m cardiac output accounting for 
the greater forearm blood flow and the enormous rise m blood pressure 

Discussion 

The findings reported above are m general m agreement mtli the results 
obtained by other workers Goldenberg and others (22) and Barcroft and 
Konzett (6) have both reported the rise m systohc and diastolic arterial 
pressure and the bradycardia The latter workers have also demonstrated 
decreases m oalf blood flow on infusions of noradrenahne mto the femoral 
artery The conspicuous blanching from intravenous as well as mtra- 
cutaneous injection shows that noradrenahne has a powerful constrictor 
action on the minute vessels of the skin and mucous membrane of the mouth 
and to a lesser extent on that of the ileum and rectum The decrease m hand 
blood flow suggests but does not prove, that the arterioles may also be 
affected The decrease in forearm flow despite the rise m arterial pressure 
suggests that the drug constricts muscle vessels, its action m tins respect 
being m striking contrast to adrenaline Tho renal circulatory changes 
induced by noradrenahne are similar to those caused by adrenaline and other 
pressor agents, such as ephedrme, paredrmol and angiotomn (6, 11, 38, 41) 

The swelling of the neck, thought to be duo to enlargement of the 
thyroid gland, has not been previously reported during experimental 
noradrenaline infusions A similar swelling has, however, been noted during 
paroxysms of hypertension due to a plueocliromocytoma (42) though we 
did not observe it m any of our cases 

Part II Ph^ochromocytoma and the role of adrenaline 

AND NORADRENALINE 

During recent years mcreasmg attention has been paid to the diagnosis 
and treatment of tumours of the adrenal medulla, and many reviews of the 
condition have appeared (10, 16, 16, 33) Pew investigations, however, 
have been made regarding the circulatory disturbances associated with the 
condition and the mechanism of the development of the paroxysmal and 
persistent forms of hypertension The following three cases were studied 
chiefly from these pomts of view 

Case 1 W H , a male of 38 years was m good health until May, 1946, 
when he gradually developed mcreasmg anorexia, lassitude and a feeling of 
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faintness The blood pressure at that time uas 180/110 Subsequently ho 
noticed that ho was sweating a great deal and had occasional attacks of 
dizziness and headaches In January, 1948, he began to lose u eight and to 
develop attacks of epigastric discomfort, followed by extreme pallor, 
vomiting, shivering, shortness of breath, profuse sweatmg and the develop- 
ment of “goose-flesh” all over his arms The pallor was particularly 
noticeable and was observed as a varmng signal of the approach of an 
attack From the onset of these attacks he noticed that he was unable to 
appreciate temperature differences with his right hand, and he occasionally 
burnt Ins right fingers with Ins cigarettes without noticing the heat He 
developed a particularly severe attack on the 20th July, 1948 That 
morning he went to work feeling rather dull and a bit hazy m his eyes and 
could not see well He began to feel weak, nervous and irritable He was 
extremely pale He went home to bed and there he had severe continuous 
pam in the epigastrium and m the loins 

He was admitted on the same day to Chase Farm Hospital under Dr T 
Simpson and on examination there his hands and face were cold and clammy, 
the fingers cyanosed and the face very pale There was profuse sweatmg 
over the whole of the body and his pyjamas were changed six times during 
the mght He was very anxious, there was gooseskm flesh over the 
extremities and his hair was standing on end He was restless and shivering, 
his teeth were chattering and he thought he was going to die The blood 
pressuro was 200/140, and there was obvious papillcedema m both eyes with 
haemorrhages and exudates His symptoms gradually subsided and 
subsequently, after a mass had been felt below the right costal margin, a 
diagnosis of phseochromocytoma was made and he v as transferred to St 
Mary’s Hospital on 28th August, 1948, under the care of Prof G W 
Pickering 

Excopt for rheumatic fever when 10 years old, the patient had previously 
been healthy His father died aged 45 years after an operation for 
appendicitis His mother died aged 60 3 ears from some cause unknown to 
the patient One sister died of high blood pressure in childbirth aged 20 
years One brother, aged 42 years, has a peptic ulcer His blood pressure 
was 120/80 in November, 1948 

The patient nas a tlnn, nervous individual with a moist skm and a 
course tremor of the hands Venous congestion of 2 cm above the sternal 
angle nas present m the neck The pulse was regular, usually about 100 
The blood pressure nas 170/115 , pulsus altemans was observed in the range 
of 170 to ICO mm The cardiac apex beat was visible over a large area, 
moving the ribs and palpable 12 ems from mid-bne m the 5th space Gallop 
rhythm was present but no murmurs were heard In the abdomen a mass 
with a firm rounded lower edge was felt deeply below the right costal margin 
moving with respiration In the right hand he was unable to discriminate 
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hot and cold up to the level of the wrist joint The nervous system was 
otherwise normal, but the optic fundi showed bilateral papilloedema, small 
haemorrhages and soft white exudates There was a distinct right macular 
fan of silvery exudate and a slight left fan 

Urine albumen nil, sugar ml, deposit ml Urea concentration test — 
maximum 3 6 gm /100 ml Blood urea 34 mg /100 ml Haemoglobin 
16 6 gm /100 ml W B C 14,000 per cmm Polymorphs 62% 
Eosinophils 1% Lymphocytes 36% Monocytes 1% Serum 
potassium 19 2 mg /100 ml Serum cholesterol 210 mg % Normal 
glucose tolerance curve BMR+20% ECG —Left axis deviation 
with slight ST depression and inversion of T m all hmb leads Intravenous 
benzodioxane test as described by Goldenberg and others (22) produced a 
rise m blood pressure from 186/126 to 226/130 Perirenal insufflation of an 
(by Mr Gohgher) and radiological examination (by Dr E Rohan Williams) 
showed clearly a right suprarenal tumour 

At operation, on 23 9 48, Mr A Dickson Wright removed a tumour 
of the right suprarenal gland measuring 6 cm in diameter and weighing 45 
gms The opposite suprarenal gland was normal and no tumours were 
found elsewhere Pathological examination (Dr E C B Pugh) showed the 
tumour to be a plucochromocytoma occupying the medulla of the gland with 
thinned cortex stretched over it The tumour was soft, lobulated, pinkish 
grey in colour with areas of old and recent hssmorrhage Microscopically, 
the tumour was composed of irregular polygonal cells of varying size and 
shape, with frequent mitotic figures The nuclei were vesicular and the 
cytoplasm contained granules sta inin g brown with chromic salts The 
tumour was encapsuled A renal biopsy was examined microscopically m 
serial sections Many glomerular afferent arterioles showed irregular and 
scattered areas of hyaline change in their walls, but no fibrinoid degeneration 
was seen Ischaemic changes as evidenced by thickening of Bowman’s 
capsule or hyalimsation of the tuft were present m a few glomeruli The 
majority of the glomeruli were of normal appearance 

After the operation he had no further attacks The papilloedema 
rapidly subsided and the other abnormalities m the fundus gradually 
disappeared Normal sensation returned to the right hand after four weeks 
In the electrocardiogram the left axis deviation persisted but Tl and T2 
became upright and the ST depression disappeared When last seen m 
December, 1949, he felt entirely fit and had been regularly at work He 
still complamed of shghtly defective vision m the right eye especially 
noticeable w'hen reading The fundi appeared entirely normal 

The circulatory changes before and after operation are shown m Pig 9 
The blood pressure remained persistently elevated after operation and m 
December, 1949, it was 170/122 The forearm blood flow varied but the 
changes were not correlated with the blood pressure The changes m the 
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maximal heat elimination of the hand (35) were most striking, the notow orthy 
feature being failure of the vessels to dilato while the tumour was present 
The heat elimination remamed at an extremely low level, although o\ery 
effort was made to produce full reflex vasodilatation by placing the opposite 
forearm and hand in stirred water at 45° centigrade The patient sweated 
profusely during these investigations After excision of the tumour the 
maximal heat elimination rose to a level found m normal subjects by 
Pickering (35) 

A histamine test in December, 1949, earned out as described by Roth 
and Ivvale (39) produced no paroxysm of hypertension 



Fig 0 The effect of excision of the phieochromocytoma in Case 1 

An infusion of 1-adrenalinc at the rate of 20 gg per minute before 
operation produced trembling, pallor and tachycardia The patient stated 
that the sensations during this infusion were similar to those experienced in 
an attack 

Case 2 Jlrs R B , aged 49 j ears, first eomplamed of early morning 
headache m 1944 which lasted from a few hours to the whole day and was 
sometimes accompanied by nausea, vomiting and profuse sweating These 
sj mptoras became worse Since 1940 breathlessness on hurrying and swelling 
of the ankles in the evening were also noted She had no nocturnal dyspnoea 
but sometimes woke at night with attacks of palpitation, thumping at the 
back of the head and profuse sweating Her appetite had alwaj s been good, 
but she lost 2S lbs m weight m the last 2 years She had occasional epigastric 
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pain one hour after food, relieved by alkali or vomiting, but was little trout 
by this Her bowels were regular and she had no unnary symptoms 
was becoming increasingly nervous 

In November, 1945, she attended the Royal Bath Hospital because 
headache, shortness of breath and swelling of the ankles At that time ■ 
blood pressure was 220/130, the heart was stated to be moderately enlarg 
the fundi were normal, the urine showed no albumin and the blood urea , 
30 mgm % 

In November, 1947, she again visited the Royal Bath Hospital 
blood pressure was 220/98 and two smooth swellings found under the co&' 
margins were thought to be the liver and spleen A barium meal shew 
no intrinsic lesion of the stomach, which appeared to be displaced forw" 
and to the right by a grossly enlarged spleen The urine contained a tr r 
of albumin and a few epithelial cells A blood count was normal 

Her mother died at 71 years from cerebral thrombosiB Her father 
alive at 74 years and is stated to have high blood pressure wlnoh does n< 
trouble him There are three brothers, two sisters and one son all ah 
and well 

She was admitted to St Mary’s Hospital under the care of Dr W D 
Brooks on 20th September, 1948 She was a ruddy faced, middle agv 
woman of average build The pulse was 120 and regular The bloc 
pressure was 200/130 There was a dorsal scoliosis, concave to the L< 
The apex beat was m the fifth left mteroostal space, 4' from the mid kn 
and the sounds were normal In the fundi were a few retinal haemorrhage 
some soft exudates and early arteriovenous nipping There was ■ 
papillcedema The liver was enlarged two fingers’ breadth below the r g 
costal margin and its edge was firm There was a smooth tumour mo v > 
with respiration below the left oostal margin The nervous system W" 
normal 

Radiological examination (Dr E Rohan Williams) the chest showei 
no pulmonary lesion The heart appeared slightly enlarged to the left, I 
the transverse diameter was within normal limits Excretion urograj ■ y 
showed normal kidneys A large mass was present lying m front of > 
left kidney, but not of true renal ongm 

Blood urea was 40 mgm per 100 ml Urea concentration test < ' x i ■ i 
2 3 gms urea per 100 ml urine Blood Wassermann and Kahn reaction 
negative Blood haemoglobin 12 gms per 100 ml RBC 475m 
emm WBC 7,500 per emm Polymorphs 07%, lymphocytes 29%, 
monocytes 4% Electrocardiographs showed left axis deviation with low 
voltage T waves in all limb leads Sodium amytal narcosis reduced the 
blood pressure from 240/126 to 130/80 
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On 21st October, 1948, Mr A Dickson Wright removed a large tumour 
from the region of the pancreas together with tho spleen The tumour 
weighed 1,100 gms and was apparently encapsulated with adherent pancreas 
and a piece of normal adrenal gland Professor W D .Newcomb reported 
the tumour as a phreocliromocytoma composed of very varied cells Some 
were multmucleated and mitotic figures were frequent There were 
numerous large blood spaces A portion of the tumour was placed in N/10 
hjdrochlonc acid and sent to the Department of Pharmacology at the 
University of Oxford Assay (case 2, Holton (10)) showed it to contain the 
eqm\ alent of 0 3 mg 1-adrenahno and 10 mg di-noradrenaline per gm of 
tumour tissue 

After operation the blood pressure slowlj rose from 120/80 on 22nd 
October to 142/88 on discharge from hospital on 25th November, 1948 
Thereafter, she remained well till February, 1949, when the headaches 
returned There was no recurrence of the sweating attacks The blood 
pressure continued to rise but was extreme^ labile m the range 220 to 1 70/110 
to 90 Wien seen on 19th October, 1949, the blood pressure was 230/120 
and ankle oedema was present The fundi showed no exudates or luemorr- 
hages A bcnzodioxane test failed to produce a fall in blood pressure 

Case 3 B H , a male, was first seen bj Sir John Parkinson when aged 
11 jears m 1929 (Case 7 of Wolff, Parkinson and White (46)) There was 
then a history of exhaustion, occasional pallor and a varying pulse rate, often 
slow He w as nlw aj s easily tired and for j cars ho had had recurrent attacks 
m wlucli he was pale and the pulse rate \aried between 40 and G5 oicr a 
period of a few dajs His mother stated that the attacks when he was a 
child occurred about twace a week, and each lasted 2-3 minutes He became 
pale, sat or Iaj down and then used to return to plaj At tlus distance it is 
impossible to saj whether the attacks were similar to those occurring m 
adult life Otherwise he was entirely well and fond of games including 
football On examination he was a small child but looked well The pulse 
rate was from 50 to 00 and sinus arrhythmia was noted The blood pressure 
was 110/75 The heart was of normal size and shape Electrocardiograms 
in April, 1929, showed small upright P waves in all leads The PR interval 
was well under 0 1 second The ventricular complexes had the form of left 
bundle branch block 

The present attacks began while serving in the Army in June, 1941 
Since then they have continued, varying m seventy and frequency, but on 
the whole getting worse The frequency vaned from one to four a daj m 
good periods to ten to twehe in bad penods The attacks were always the 
same and vaned onl\ m duration and seventy They began with a sort of 
weak feeling behind the lower sternum and in the epigastnum, then he felt 
his heart thumping and the pulse slowed , thus m 1943 his normal pulse 
was 52 dropping to 36 in a bad attack He noticed that the pulse not only 
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slowed but that the beats often came m pairs His face went very pale 
and his hands, feet, nose and ears were pale and cool In the more severe 
attaoks he noticed a throbbing headache and epigastric pain, felt sick and 
vomited In the worst attacks the headache was very severe, pms and 
needles developed in the feet and hands and m two very bad attacks he 
became short of breath He was unable to micturate during an attack and 
if an attack came during the act the flow stopped His wife noticed that his 
face paled before he had any symptoms She might also be awakened at 
night by an attack because of the noise made by the thumpmg of his heart 
beat He only sweated m those attaoks that were accompamed by a very 
intense headache and thought this might be due to the pain He never 
noticed tremors of the limbs and his mmd remamed clear A characteristic 
feature of the attacks was that each one came, then receded and came 
again, there bemg perhaps two to ten waves m all , four or five bemg the 
usual number During the last year there has rarely been a day without an 
attack, and before admission he was averaging six a day The attacks were 
most hkely to come on with exertion or opemng the bowels, but he knew of 
nothmg which would always precipitate an attack During the three months 
before admission, and especially during the last six weeks after mumps he 
always felt jaded and extremely tired between the attacks 

He was admitted to St Mary’s Hospital on 26th October, 1949, under 
the care of Dr J W Litchfiold who had made a diagnosis of phseochromo- 
cytoma The patient was a spare man whose skm and mucous membranes 
were well coloured Physical examination was entirely negative In 
particular, the fundi showed normal vessels and no papdl oedema The 
heart was not enlarged No mass was felt m the abdomen and a firm 
pressure from costal margin to pubes produced no attack The blood 
pressure ordinarily ran between 120/80 and 136/90 He was seen in 20 
attacks lasting from a few to about 16 minutes During them the blood 
pressure was always above the normal range and was recorded as high as 
264/164 The face was always conspicuously pale and this constituted the 
first sign of an attack Breathlessness was not observed, but he became 
extremely restless and was greatly disturbed by shivering and rigors In 
one attack developing in the laboratory the heat elimination from the hand 
was observed to fall and the face to pale before the patient was aware of the 
onset The blood pressure both systolic and diastolic rose and the heart 
rate slowed (Fig 10) The urine occasionally showed a trace of albumen 
but no deposit 

Radiological examination (Dr E Rohan Williams) Chest this 
revealed no pulmonary lesion The size and shape of the heart and aorta 
were within normal limits Excretion urography both kidneys showed a 
normal excretion rate and there was no deflection of the calycine pattern 
on either side There was, however, a famt suggestion of a rounded soft tissue 
mass, about 4-5 cm, m diameter, above the upper pole of the right kidney 
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On 12th November, 1040, Mr A Dickson Wright removed a suprarenal 
tumour u Inch was situated above the right kidnej cm eloped m \ ery vascular 
perinephric fat The tumour neighed 200 gms , was encapsulated and 
contained a tag of what appeared to be suprarenal cortev on one edge 
During the operation the pressure rose as high as 265/1G0 The patient 
sweated very copiously during the latter part of the manipulation of the 
tumour and after the suprarenal vein w as tied On clamping the Biiprarenal 
\ cm at 10 20 a m the blood pressure w as 230/140 The tumour was removed 
at 10 34 a m , the blood pressure being 100/100 By 10 53 a m the blood 
pressure had fallen to 116/85 at about which le\el it subsequently remained 



Fig 10 Circulatory changes observed during a paroxysmal attach m Cose 3 


Pathological examination (Dr R H Heptmstall) showed the tumour 
to be a plueochromocytoma of the suprarenal gland Histologically it was 
composed of large polygonal cells, with vesicular nuclei, arranged m diffuse 
sheets Numerous thin walled vascular -channels were present, m addition 
to numerous empty spaces with no definite lining In bichromate fixed 
material brownish granules were present m the cytoplasm of the cells A 
renal biopsj revealed no significant vascular or glomerular changes 

When last seen on 22nd December, 1340, he had had no further attacks 
and felt entireh fit The blood pressure was 130/80 
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The maximal heat elimination of the hand was determined as m Case 1 
with the following results 


Date Maximal heat elimination 

Cal /nun /100 ml hand 
4 1149 24 

7 11 49 34 

12 11 49 Excision of phasoehromocytoma 
23 11 49 72 

22 12 49 76 


Blood pressure 

130/90 

96/66 

126/74 

122/82 


A specimen of femoral arterial blood was withdrawn during an attaok 
and heparm was added The plasma was separated by oentrifugmg in 
cooled tubes and was sent packed in loe to Prof J H Gaddum who received 
it about twelve hours later Investigation by Dr T B B Crawford failed 
to detect any significant quantity of noradrenaline or adrenaline Assay 
of the tumour is not yet complete but it is known to contain both noradrena- 
line and adrenaline 


Discussion 

A consideration of the clinical features in these three cases will show 
that the majority of the symptoms may be regarded as the effects of an 
outpouring of adrenaline and noradrenaline from the tumour In three 
phscochrome tumours including that of Case 2 of the present series, Holton (30) 
has demonstrated the presenoe of both noradrenaline and adrenaline, the 
former in considerably larger amount The tumour of Case 3 is also known 
to contam both noradrenaline and adrenaline Many of the symptoms may 
be due to the presence of both substances, but the shivering, restlessness and 
palpitations are more suggestive of the action of adrenaline On the other 
hand, the features of the paroxysmal attack observed in Case 3, particularly 
the onset of circulatory changes before subjeotive sensations, the rise in 
both systolic and diastolic pressures and the cardiac slowing, were all such 
as were commonly seen in the experimental noradrenaline infusions Tins 
patient stated that with the pronounced cardiao slowing during an attaok 
the beats often came m parrs, a feature previously noted m the experimental 
infusions of noradrenaline Similar electrocardiographic changes have been 
reported during paroxysms of hypertension due to a phreochroinocytoma 
(13, 29) 

Little attention has been paid in the past to the disturbances of peripheral 
blood flow due to the presence of these tumours Evans and Stewart (18) 
measured skin and other temperatures in one case and concluded that there 
was a reduction m total cutaneous blood flow between the attacks , skin 
blood flow is, hov ever, very variable In two of our cases the blood flow 
through the hand was estimated calonmetrically after releasing sympathetic 
tone by warming the body This method yields very constant results in a 
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given normal subject (35) In Case 3, there was a profound fall m heat 
elimination during an attack as was expected What was unsuspected was 
tho reduced heat elimination found in both cases before operation when the 
patient was symptom free and the blood pressure at its base hne (Case 1) 
or normal (Case 3) Evidently at that time the vessels of the hand were 
narrowed by a circulating vasoconstrictor substance and Bince this 
constriction disappeared after excision of the tumour it would seem probable 
that it was due to noradrenaline or adrenaline , more probably the former 
because adrenaline produces symptoms so much more readily and was found 
to do so in Case 1 It according]} seems probable that m these patients 
there was a continuous release of vasoactive substances from the tumour 
and that this release was immensely increased during tho attacks Strombeck 
and Hedberg (42) found m one case an increased blood adrenahno level (their 
estimation probably included noradrenaline) between tho attacks while the 
blood pressure was normal, and a much higher level during the paroxysms of 
hypertension 

In spite of the evidence obtained from the circulatory observations that 
noradrenaline was present m the blood stream both between and during 
attacks, the assay of femoral arterial blood failed to detect its presence m 
significant amount Professor Gaddum did not consider the unavoidable 
delav of tw eh e hours before the assaj was commenced a sufficient explanation 
for its absence Tho presence of vasoconstrictor substances has been 
demonstrated in the blood of such cases b} previous investigators (3, 42) 
Others, however, have failed to find any (0) Recently Vogt (44) has 
demonstrated the presence of noradrenaline m the blood during an attack 
It should be realised that a quantity of noradrenaline too small for assay 
by the pharmacological methods at present available will produce profound 
circulaton disturbances 

It has often been assumed that the persistent hypertension seen in some 
cases of phreocliromocytoma before operation is due to the presence of the 
secretions of the tumour It is also reported that operation cures the 
hvpertension Thus, Green (20) in a series of 10 patients with sustained 
hypertension before operation followed up to three } ears after removal of 
the tumour found that m all cases the blood pressure returned to normal 
In Cases 1 and 2, who both had a persistent hvpertension before operation, 
the blood pressure did not return permanently to normal In both, the 
ret mal abnormalities slow 1} disappeared and there were no further paroxysmal 
attacks The hand -vessels dilated normally after operation There was 
thus no evidence for the presence of a second phnochromocytoma and the 
conclusion that no further active adrenal medullar} tissue was present was 
supported bv the negative histamine test m Ca=e 1 and the negative 
bcnzodioxane test m Case 2 The latter test was introduced by Goldenberg 
and others (23) who described a reduction of blood pressure on the 
administration of E '*33, an adrenolytic drug Prunt} and Swan (37) 
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On the othei hand there are some differences between the two states 
Essential hypertension is not associated with a reduction m forearm blood 
flow (1) and hand blood flow (35) or bradycardia However, it is not known 
how long bradycardia would persist m man if noradrenaline were given 
indefinitely More striking are the changes m facial complexion Many 
patients with hypertension are highly coloured but with noradrenaline 
hypertension the face is pale If m essential hypertension, noradrenaline 
is present in excessive amounts m the circulating blood it must be assumed 
that the facial vessels do not react to noradrenaline in the same way as m 
normal subjects We have accordmgly given intravenous 1-noradrenalme 
infusions at the rate of 10 pg per minute to hypertensive patients and have 
shown that they develop facial pallor to the same extent as subjects with 
normal pressures It has also previously been shown that patients with 
hypertension pale with the injection of a small quantity of adrenaline (36) 
Essential hypertension is thus probably not associated with the presence of 
an excess of free circulating noradrenaline Goldenberg and others have 
observed that the rise of blood pressure with noradrenaline is greatei m 
subjects with raised than with normal pressures If hypertension were due 
to an excess of noradrenaline produced and exerting its action locally on the 
arterioles of the different organs some reduction m sensitivity to injected 
noradrenaline might be expected 


Stjiqiaby 

1 L-noradrenahne when given by intravenous mfusion to healthy 
young adults at a rate of 6 to 30 pg per minute produced few, or no sensations 
The Bystohc, diastolic and mean arterial pressures rose, the heart slowed and 
there was a reduction m the blood flow of muscle and skm, and paling of tho 
skin and mucous membranes 

2 Noradrenaline infusion produced a marked fall m the renal 
clearance of diodone, while the inulin clearance showed only a slight fall 
or no change the filtration fraction consequently rose These changes are 
similar to those recorded by other workers following injections of a wide 
range of pressor drugs and cannot, therefore, be regarded as specific 

3 A comparison has been made of the actions of adrenalnie and 
noradrenaline 

(o) Their actions on skm, mucous membranes and heat elimination 
from the hand were similar 

(b) At the onset of adrenaline infusions, systohc and diastolic 
pressures both fell abruptly and there was a severe tachycardia 
subsequently the blood pressure rose, the systohc exceeding, and the 
diastolic approximating to normal levels, and the heart rate slowed 
The forearm blood flow increased 
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however, have recently shown that it failed to reduce the blood pressure 
during short term infusions of noradrenaline Its action might he different 
m long sustained infusions, hut the inferences to be drawn from this test 
are obviously open to some doubt In ammal experiments it has not been 
possible to produce a prolonged hypertension by the contmuous administra- 
tion of sympathomimetic amines With infusions of adrenaline m dogs for 
several hours, the rise of pressure is not sustained (19) and recent work in 
this laboratory has shown that it ib not possible to produce a persistent 
hypertension m rabbits with noradrenaline infusions maintained for several 
days It should also be noted that cessation of a long infusion of adrenaline 
in man is followed by a period of considerable hypotension (27, 31) The 
mechanism of the development, and the type, of chrome hypertension m 
these two cases are thus obscure It is conceivable that the persistently 
raised blood pressure may be due either to vascular lesions sustamed during 
the paroxysms or to an unassociated essential hypertension The renal 
biopsy m Case 1 showed a little hyaline change in some of the afferent 
arterioles and associated glomerular fibrosis , the majority of the glomeruli 
were normal In Case 2, there was no renal biopsy and the only evidence 
for the presence of vascular lesions was provided by the examination of the 
optic fundi The renal function tests were normal m both patients The 
absence of arteriolar lesions m Case 3 is remarkable for this patient had 
been exposed to paroxysms of severe hypertension for many years Byrom 
and Dodson (14) produced arteriolar neorosis m animals by sudden short 
periods of excessive pressure, but m Case 3 such periods of pressure occurred 
with negative results, at least so far as can be judged from the renal fragment 
obtained at operation Essential hypertension is now generally regarded as 
an inherited condition In Case 1, apart from a sister who died of eclampsia 
at 20 years of age, there was no definite family history of hypertension, and 
an elder brother was found to have a normal blood pressure The father 
of the patient m Case 2 was stated to have high blood pressure, but he was 
ahve and active at 74 years Her mother died of a cerebral thrombosis at 
71 years of age The evidence from the pomt of view of the fanuly history 
m these two cases is difficult to assess It is certainly not possible to exclude 
an unrelated essential hypertension m both these cases of phseocliromocytoma 

Essential hypertension has recently been attributed to a disturbance m 
the proportions of noradrenaline and adrenaline produced at the sympathetic 
nerve endings, the rise m pressure being due to a relative excess of 
noradrenaline (22) There are some similarities m essential and experimental 
noradrenaline hypertension In both there is a rise m systohe and diastolic 
piessure with httle subjective disturbance The renal circulatory changes 
are also similar, for the characteristic picture of early essential hypertension 
is one of a lowered diodone clearance, normal inuhn clearance and a rise in 
filtration fraction (24) 
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(c) With noradrenaline the systolic and diastoho pressure rose 
without a preliminary fall and the heart slowed The forearm blood 
flow diminished slightly 

4 The bradycardia was thought to be reflexly mediated through the 
vagus consequent on a rise of systemic arterial pressure for the following 
reasons — 

(a) The slowing of the pulse appeared with, or shghtly after, the 
hypertension and in no case preceded it 

(b) The electrocardiogram showed depression of A-Y conductivity 
of varying degrees 

(c) In one subject the electrocardiographic changes with nor- 
adrenaline were reproduced by carotid sinus pressure 

(d) The bradycardia was largely abolished by atropine 

5 After intravenous atropine sulphate in doses of 1 2 to 2 1 mgm , 
noradrenaline produoed an initial slight bradycardia quickly followed by a 
considerable tachycardia and a great rise m blood pressure and usually by a 
nse in forearm blood flow In one subject venous congestion m the neck 
was observed On stopping noradrenaline the tachycardia gradually 
disappeared though the blood pressure fell promptly 

6 Observations on three oases of phEeochromocytoma showed that the 
symptoms and circulatory changes associated with the paroxysmal attacks 
were suoh as might be caused by the release of adrenaline and noradrenaline 
from the tumour A diminished heat elimination from the hand between 
the attacks suggested that a vasoconstrictor substance, possibly nor- 
adrenaline, was continually present m the oiroulatmg blood, even m the 
absence of hypertension The chrome hypertension m two cases was not 
due to the secretions of the tumour and was not relieved by operation 

7 Evidence was presented for the view that m essential hypertension, 
noradrenaline is not present m abnormal amounts m the circulating blood 
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EFFECTS OF HEAT AND COLD ON THE DISTRIBUTION OF 
BLOOD WITHIN THE HUMAN BODY 


Radiological investigations of the liver, longs and heart 

By E M GLASER, F R BERRIDGE and KATHLEEN M PRIOR 
( From the Medical Research Council Department of Experimental 
Medicine, University of Cambridge ) 

It is an established fact that the superficial vessels of the body, and 
particularly those of the extremities, dilate when the environmental tempera- 
ture rises and constrict when the temperature falls (10, 11) These changes 
are associated with variations m the blood flow through the extremities (1) 
and changes m the amount of blood contained m the hmbs (6) While 
changes m the blood flow may be compensated by adjustments of the cardiac 
output (2), an increase or decrease m the amount of blood contained in the 
surface of the body must be accompanied by variations in the amount of 
blood contained elsewhere Indeed, experiments on human subjects have 
suggested that the lungs contain more blood w hen the body surface is cool 
than when it is warm (6, G) and it was concluded that changes of the 
environmental temperaturo caused a redistribution of blood between the 
superficial vessels and the inside of tho body according to the need to preserve 
or dissipate heat (5) 

The present investigation was planned to extend our knowledge of tins 
adaptive mechanism Experiments on animals have suggested that the 
amount of blood m the hver can be varied (3, 8, 14) and that the liver may 
contain vessels which can transfer blood from the artenal to the venous side 
of the circulation without passing tlirough the capillaries (12) It has not 
been shown , how ever, that the amount of blood m the hver of man can vary 
and it was decided to find out whether the contours of the radiographic 
shadow of the hver altered when the environmental temperature changed 
Preliminary trials showed that the outline of the liver was clear enough on 
X-ray films to allow this method to be used In addition it was decided 
to study any changes in the vascularity of the lungs and the size of the 
heart which could bo demonstrated by radiological methods 


The authors are % ery grateful to Professor R A. McCance for all the help and encouragement 
he has given them They are also mdebted to Mr J W Whitfield for doing the statistical 
calculations 
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*• Methods 

Subjects Seven students aged 20-21 years had volunteered for the 
experiment They were not selected, but they all happened to be of slender 
build They wore bathing shorts throughout the tests 

Procedure The subjects were tested one at a time, six of them at air 
temperatures of 20-22° C and one at an air temperature of 25° C Each 
subject had a light meal 1 hr beforehand and then lay on his back on the 
X-ray table for another hour in order to become adjusted to the horizontal 
posture During this period the subjects turned on their faces for a few 
min utes and preliminary radiographs of the hver, lungs and heart were 
taken to check the positions and times of exposure Measurements of the 
skin temperature, the mouth temperature and the pulse rate were also 
made m order to accustom the subjects to the experiment After 1 hr the 
subjects turned on their faces agam and remained still in that position for 
about 46 mm while they were cooled and warmed Three subjects were first 
warmed and then cooled, while the other four were first cooled and then 
wanned They were warmed under an electric oradle and cooled by moist 
towels and a fan The heating cradle was placed over the subjects’ baoks 
and buttocks, but while radiographs were bemg taken it was pushed down 
over their buttocks and thighs The subjects’ feet and toes were exposed 
throughout the tests Since the skin over the toes is the last part of the 
body surface to show reflex vasoconstriction and vasodilatation (11), a fall 
of the toe temperature to within 1-2° C of the air temperature was con- 
sidered an adequate degree of cooling, and a rise of the toe temperature 
to 6-8° C above the air temperature was considered an adequate degree of 
warming Under standard conditions such variations undoubtedly indicate 
significant changes m the amount of blood contained m the surface of the 
body Excessive cooling and warming was avoided because it was thought 
that over-heating of the skin (10) and shivering (6) might alter the distribu- 
tion of the blood within the body Nevertheless, subject W was accidentally 
overheated , his mouth temperature did not rise, but Ins buttooks and 
thighB were red when the cradle was removed and his toe temperature rose 
higher than that of any other subject (to 32 6° C , at a room temperature 
of 20° C ) 

When war min g was complete and agam when cooling was achieved, 
radiographs were taken m triplicate of the hver, the lungs and the heart of 
every subject It will be clear from what has been said above that all 
radiographs were taken with the subjects lying on their faces In order to 
make sure that radiographs of the same region were always taken m the 
same position, the X-ray tube was centered over marks which had been 
previously made on the subjects’ skm The radiographs of the hver were 
taken at the end of quiet expiration and those of the lungs and heart at the 
end of quiet inspiration The subjects had been trained beforehand to hold their 
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breath at the instant when they were asked to do so The times of exposure 
varied from subject to subject but they were always the same for any one 
region m any one subject Intensifying screens were used for the liver and 
lungs with exposures lasting 1 5-2 sec for the hver and 0 15-0 2 sec for the 
lungs Radiographs of the heart were made on Iifex films without intensifying 
screens and noth exposure times of 3-4 sec , this was long enough to record 
the borders of the heart at their greatest excursion from the mid-line, and 
inaccuracies from short exposures winch would have shown up the heart 
in an unknown phase of the cardiac cycle were thus avoided 

The skm temperature of the ball of the left big toe was measured with 
a thermocouple and potentiometer (4), the mouth temperature with a 
mercury thermometer which was held under the subjects’ tongue for 5 min , 
and the pulse rate by palpating the radial artery for 30 sec 

Interpretation of results FRB, who was not present dmmg the 
experiments, viewed the radiographs of the lungs of each subject m turn 
The films were marked with a code which differed in each subject and of 
which another of the authors kept the record IT R B graded the vasoulanty 
of the lungs m each subject Since it was impossible to prevent variations 
in the voltage of the eleotric mams and m the exposure times, which would 
have affected the opacity of the films, the vascularity of the lungs to judged 
from the size and number of the vessels visible in the lung fields and not 
from the opacity of the radiographs Thus observations could only be 
made on the macroscopic pulmonary vessels The results were subjected 
to statistical analysis Tracings of the hver contours and measurements 
of the transverse diameter of the heart were also made by F R B For tins 
u ork also precautions were taken to ensure that FRB did not know which 
filniB were taken after cooling or after warming 

Results 

Fig 1 gives the outlines of the hver of each subjeot at the end of cooling 
and warming Because the whole of the hver contour could not be com- 
pleted on the radiographs the areas of the hver shadow's were not measured, 
but all the tracings shown m Fig 1 were reduced to the same scale which is 
given in centimetres In one subject (J ) the difference in the hver contours 
allowed no conclusions, but m the other six subjeots the Jiver appeared 
larger when the body surface was cool than when it was warm There were 
no appreciable variations m the contour of the liver m any batch of three 
films taken of the same subject at the same time The height of the 
diaphragm was not always the same when the subjects were cold as when 
they were warm (Fig 1) In order to find out whether changes m the depth 
of respiration could influence the size of the liver shadows, several radio- 
graphs of the hver of another subject were taken at constant envnonmental 



184 


GLASER, BERRIDGE AND PRIOR 


temperature during different phases of respiration It was found that such 
variations m the height of the diaphragm as those observed m the present 
experiment did not alter the outlines of the hver 



Fig 1 Tracings of the radiographio contours of the liver at the end of cooling (continuous line) 
and at the end of warming (dotted line) 

Fig 2 gives a typical example of the appearance of the lungs When 
F R B ’s gradings were compared with the records (Table I) it was found that 
32 out of 42 radiographs were graded in accordance with the hypothesis 
that the lungs held more blood m a cool environment than a warm one 
The only discrepancies w ere as follows (1) No opmion was given on 2 films 
of J ’s lungs (2) Of the 3 radiographs of P ’s lungs which were considered 
to show the greatest degree of vascularity one had been taken when that 
subject was w arm (3) All 3 radiographs of W ’s lungs which were con- 
sidered to show the greatest degree of vascularity were taken when that 
subject was warm Each batch of 6 radiographs showing the lungs of one 
subject was statistically treated as a 2 x 2r correlation between the 
experimental conditions and FRB’s grading (15) The correlations for 
each subject were summated and tested against the summated variance, 
which gave for the whole group of 42 films the normal deviate of 3 43 
(p = 0 001) The correlation, therefore, w r as statistically significant 

The transverse diameter of the heart shadows never varied by more 
than 2 mm (or 1 3%) m any of the six radiographs taken of any one subject 
The mouth temperature never varied by more than 0 2° C in any one test 
The pulse rate of all subjects was 6-24 beats/min (10-24%) higher when 
their body surface was warm than when it was cool 
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TABLE I 

Radiologist's grading of the X rays of the lungs and the statistical analysis 
( See text for experimental plan ) 
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Discussion 

The present investigation shows that radiological studies can give 
useful information about physiological processes if care is taken to use a 
satisfactory technique It is unlikely that rapid changes m the size of the 
liver shadov. could be caused by anything other than changes m the amount 
of blood m that organ It seems proper, therefore, to conclude that the 
blood content of the human liver can vary Direct radiological evidence 
moreover, has given further support to the view that the amount of blood 
in the lungs can also vary (7) and that more blood is contained in them m a 
cool environment than m a warm one (5, 6) Pulmonary congestion m heart 
failure is not confined to the microscopic blood spaces and it has been 
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suggested that vessels other than the alveolar capillaries probably participate 
in the funotion of storing blood (6) The present investigation also suggests 
that the larger vessels of the lungs may open up and close down under 
physiological conditions Subject W , who was the only one to show an 
morease in the vascularity of his lung fields when he was warm, had been 
exposed to excessive radiant heat, and his superficial vessels may have 
contracted as a protective reflex to a strong heat stimulus (10) The fact 
that the liver of this subject became smaller (Tig 1) when the vascularity of 
his lungs increased suggests that the amount of blood in these two organs 
may be controlled by different mechanisms The findings that the pulse 
rate was invariably higher when the subjects were warm than when they 
were cool while the transverse diameter of the heart remamed unchanged 
suggests that the oardiac output may have varied as a result of changes m 
the heart rate, and this conforms with previous observations (2, 9, 13) 

Although there is no definite evidence that the human body contains 
any sack-like storage vessels which can withdraw blood from the circulation, 
except perhaps the spleen, it seems probable that the amount of blood m all 
highly vascular regions can vary to suit the needs of other parts of the body 
It remains to he seen whether the hver and lungs are specifically adapted 
to such a function 


Summary 

1 In seven normal young subjects radiographs of the chest and 
abdomen were taken under standard conditions during exposure to cold 
and warm environments 

2 The contour of the hver, as estimated radiologicafly, is larger and 
the radiographic shadows of the pulmonary vessels are wider and more 
numerous when the skm is cooled than when it is warmed 

3 These findings suggest that the lungs and hver contain more blood 
when the skm is exposed to cool than to warm environments 

4 The transverse diameter of the heart remamed constant m recumbent 
men following changes of the environmental temperature 
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A B 

Fig 2 The aamo nrea of the left lung A at the end of cooling B at the end of warming 
Subject B (Theao radiographs should be judged on the size of the \ oscular shadows and 
not on opaciti ) 
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THE CIRCULATORY EFFECTS OF HIGH SPINAL ANESTHESIA 
IN HYPERTENSIVE AND CONTROL SUBJECTS 


By L G C PUGH and C L WYNDHAM 
( From, the Department of Medicine, Postgraduate Medical School of London ) 

During high spinal anaesthesia the blood-pressure, although somewhat 
reduced, does not as a rule fall sufficiently low to produce symptoms of 
collapse Smith and others (19) were the first to suggest that such fall in 
blood-pressure as occurs is due to a reduction m cardiac output Rovenstmo 
and his colleagues (15), who determined cardiac output by the ballisto- 
cardiographic method, obtained results which supported this suggestion 
It was further demonstrated that the total effective peripheral resistance, 
expressed as the ratio of mean blood-pressure to cardiac output, showed 
httle denation from pre-amesthetic levels These studies were conducted 
on normal subjects, lying supine in the horizontal plane, and without the 
complication of surgical intervention These workers concluded, therefore, 
that the blood-pressure in normal subjects in the supine position is less 
dependent on tonic activity of the autonomic vaso-constnctor nerv es than 
has been commonly supposed 

In patients with hypertension the fall in blood-pressure during spmal 
anesthesia is greater than in normal subjects Allen and others (1) found 
that spmal anaesthesia lowered the blood pressure to approximately normal 
levels m all their hypertensive patients Lumbo-dorsal sympathectomy, 
on the other hand, produces a less constant reduction of blood-pressure m 
hypertensives than does spmal anesthesia , hence spmal anesthesia has 
been abandoned as a method of quantitative prediction of the results of 
sympathectomy 

The work reported here was undertaken to find out whether the larger 
reduction m blood-pressure m hypertensive patients is due to the fact that 
they have a greater degree of autonomic vaso-constnctor tonus than m 
normal subjects, or whether the difference can be accounted for by changes 
m cardiac output 


We desire to acknowledge the help of Dr D Spence Sales and Dr F Prime who gave the 
spinal anesthetics. 
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are recorded the upper levels of anaesthesia to pinprick and the tune in 
of the second tilt All figures m the table are means of at least two 
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Clinical material and methods 

Fourteen subjects were studied , nine had a severe degree of essential 
hypertension with diastolic pressures of 110 mm Hg or over, and five 
control subjects had normal or shghtly elevated blood-pressures, with 
diastolic levels not exceeding 100 mm Hg In the patients with normal 
blood-pressures spmal ansesthesia was mduced for small operations These 
were not undertaken until the experimental observations had been completed 

Spmal ansesthesia was mduced, without premedication, by the 
intrathecal injection of hght nupercame Ansesthesia to pinprick extended 
to a level between the fourth and sixth, and,m one case, to theBecondthoracio 
segments In every case warmmg and flushing of the toes was observed 

Serial measurements of blood-pressure, heart rate, cardiac output and 
right auricular pressure were made before and during spmal ansesthesia 
Right auricular pressure and cardiac output were measured by the method 
of cardiac catheterisation (11) The right auricular pressure was recorded 
on a saline manometer and related to the level of the sternal angle which 
was taken as zero The oxygen unsaturation of 3 cc samples of right 
auricular and arterial blood was determined by the Haldane method (6) 
Oxygen consumption was measured by spirometry Arterial blood-pressure 
was measured by the ausoultatory method, a four-inch cuff bemg used 
True mean blood-pressure values based on plammetno measurement of the 
area of pulse-pressure curves were not obtamed, but changes in blood- 
pressure were followed by taking the averages of systolic and diastolic 
figures , these, for convenience, are referred to as “ mean BP” Changes 
in total peripheral resistance (T P R ) were followed by calculating values m 
arbitrary units from the formula total peripheral resistance = blood 
pressure/cardiac output (2) For this purpose the average of two or more 
values of mean blood pressure and the average of duphcate values of cardiac 
output were employed 

Experimental routine 

The experiments began with the passage of the cardiac catheter Serial 
observations were started when the pulse-rate had returned to its restmg 
level, usually after half an hour, the subjects remaining quietly at rest in the 
supme position Oxygen consumption was measured at this stage and m 
six cases again during spmal ansesthesia 

After a satisfactory base line had been obtamed, some of the subjects 
were tilted feet downwards and v ere kept in this position until blood- 
pressure and heart rate had become constant The tilting procedure con- 
sisted of raising the head of the bed or tdtmg the operating table until the 
subject was mchned at an angle of 30° to 40° to the horizontal plane 

The bed or table u as then replaced m the horizontal position and spmal 
ansesthesia was mduced Circulatory measurements were contmued as soon 
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as the anaesthetic had become fully effective, as shown by the level of response 
to pinprick and by flushing of the toes When heart rate and blood-pressure 
had assumed constant levels, the patients were agam tilted feet down 
If, as usually happened, symptoms of incipient collapse appeared, the 
subjects were quickly returned to the horizontal position and given an 
injection of the sympatheticomimetic amine, ventol, which restored the 
blood-pressure to pre-an aesthetic level 

Assessment of the accuracy of results 

In order to estabhsh the validity of results obtained by methods of 
measurement for which no high degree of precision can be olaimed, estimates 
of the influence of random or uncontrolled variation were made The 
sources of random variation are errors inherent m the methods of measure- 
ment and spontaneous physiological fluctuations independent of alteration 
m the experimental conditions The estimates were based on 40 to 60 
values of each variate, obtained when the subjects were judged to have 
reaohed a steady state during the several stages of the experiment Sets 
of pairs or multiple values from all subjects were analysed and estimates of 
variance calculated Values for the standard error of the mean of duplicate 
measurements were as follows blood-pressure ±26 mm Hg , arterio- 
venous oxygen differences ± 1 72 (2 4%), heart rate ± 3 beats per 
minute, right auricular pressure ± 1 cm saline In the cardiac 
catheterisation technique, measurements of cardiac output by the Fick 
principle are based on the measured arterio-venous oxygen differences and 
a single value of oxygen consumption, on the assumption that the latter is 
fairly constant under resting conditions The use of a single value for 
oxygen consumption m calculating a series of cardiac outputs introduces a 
possible source of variation which does not appear m the cardiac output 
figures Further work is needed to assess the importance of this souroe of 
error In the present experiments there was no evidence of a systematic 
fall in oxygen consumption due to the anaesthesia The coefficient of 
variation of individual values of oxygen consumption, derived from the six 
available pairs of measurements was 6 13% The cardiac output bemg 
measured as the ratio of oxygen consumption to arterio-venous oxygen 
difference, its coefficient of variation may be obtained from the approximate 

formula / coe ffi cient of variation) 8 _ 

\ of cardiac output J ~~ 

Jcoefficient of variation) 2 (coefficient of variation) 2 

{ of 0 2 consumption] + j of A-V 0 2 difference j \ \ J 

In the present case assuming the two measurements to be independent, 
this formula gives a coefficient of variation of cardiac output of 0 6%, so that 
differences of 13% may be considered suggestive of a real change In the 
same way, the coefficient of variation of T P R is found to be of the order of 
7%, so that differences of over 14% may be considered significant of a real 
effect 
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Results 

The circulatory responses of hypertensive and control subjects were 
essentially similar , they are therefore considered together The results are 
summarised in Tables I and II and typical results are illustrated diagramma- 
tically in Rig 1 

1 Effect of tilting before anesthesia 

Eight of the nine subjects tilted before anaesthesia showed a rise m 
TPR, but the rise, with three exceptions, was below the level required for 
significance It thus became clear that the method of demonstrating 
sympathetic paralysis by comparing changes m T P R on tilting before 
anesthesia with changes on tilting during anesthesia could not yield 
significant results in individual cases, possibly because the angle of tilting 
was too small In all fourteen cases, however, warming and flushing of the 
toes was observed, and muscular paralysis of the abdominal wall and the 
lower hmhs showed that the concentration of local anesthetic was more than 
sufficient to paralyse the sympathetic nerve fibres leavmg the cord beknv 
the segmental level of anesthesia (16) On these grounds it was assumed 
that sympathetic paralysis occurred m all cases 

2 Effect of anesthesia alone 

During anesthesia in the horizontal position both blood-pressure and 
cardiac output fell In six hypertensive and three control subjects the fall 
m blood-pressure was approximately proportional to the change in cardiac 
output, and there was no significant change in TPR In two of these 
subjects (Cases 9 and 11) the blood-pressure fell from 200/130 and 220/126 
mm Hg to 120/80 and 120/90 mm Hg respectively, showing that m some 
hypertensive subjeots under spinal anaesthesia a fall m blood-pressure to 
normal levels may be the result of a fall in cardiac output alone 

A significant fall mTPR suggesting the presence of an unusual degree 
of sympathetic vasoconstrictor tonus before anaesthesia was found m two of 
eight hypertensive subjects and one of five controls In Case 7, blood- 
pressure fell from 180/120 to 120/70 mm Hg as result of a 33% fall m T P R 
and a negligible fall m cardiac output , m Case 14, blood-pressure fell from 
260/130 to 156/106 mm Hg as result of a fall mTPR of 16 9% and a fall 
m cardiac output of 20 0% In the control subject (Case 2) blood-pressure 
fell from 135/80 to 50/26 mm Hg and symptoms of collapse developed, 
though uithout bradycardia There was a 36 4% reduction of T P R and 
cardiac output fell from 5 7 to 3 6 L per mmute, a change of 46 2% 

The data on two cases (Numbers 1 and 6) have not been used in assessing 
the effect of spmal anaesthesia on T P R , because TPR, after a large rise 
on tilting, failed to resume its former level before induction of spinal 
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anaesthesia, with the result that the level during anaesthesia remained con- 
siderably higher than the control levels In other respeots the findings m 
these two cases are comparable with the rest 



Fig 1 Circulatory responses to spinal anesthesia and tilting Ordinate percentage changes 
in mean blood pressure (BP), cardiac output (C O ), and total effective peripheral resistance 
{TEJR ) Abscissa time in mmuteB 


Noit the following 

(1) Effect of tilting before anesthesia minimal change m BE fall in C O compensated 
by rise m T PE (2) Effect of amesthesia Cases 3 6 and 12 show the typical response , 
moderate fall m B P with corresponding reduction m CO minimal change m TPR 
{3) Effect of tilting during amesthesia further fall m BE due to fell uiCO , TE R 
unchanged Cases 3 and 5 (4) Circulatory collapse induced by anesthetic alone in Case 2 

and by tilting during amesthesia m Case 12 profound fall in BE with large fall in C O 
and TEE 
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Comparison of the magnitude of the blood-pressnre changes m the 
two groups indicated that the fall m blood-pressure in hypertensive subjects, 
though larger m absolute figures, was not greater than in control subjects 
when expressed in terms of percentage deviation from the initial level 
(Table III) 

TABLE in 


Percentage fall tn B P induced by spinal arucsthesia 



No of 
cases 

BP 

Pall 


0—25% 

Greater 
than 25% 

Normals, or slightly raised B P 

5 

3 

2 

Hypertensive subjects 

9 

6 

4 


This finding is to be expected because the fall in blood-pressure was 
mainly due to reduction m cardiac output and the cardiac output changes 
were comparable in the two groups For example if T P R remains constant, 
it follows from the formula, TPR = BP/CO, that a 60 % fall m cardiac 
output will be associated with a 50% fall in blood pressure 

3 Effect of tilting under anaesthesia 

Tilting the subject during anaesthesia produced a further reduction m 
cardiac output and this was associated with a further fall m blood-pressure 
(Table II , and m cases 3 and 6, m Fig 1) Comparison of the values of 
TPR during tilting with those in the horizontal position (Table II, last 
column) showed no further significant reduction m T P R in ten of thirteen 
oases In these ten cases the fall m blood-pressure could be accounted for 
by the further reduction m cardiac output In three other subjects there 
occurred, m addition to the fall m cardiac output, a large fall in TPE, 
and blood-pressure fell to a very low level This reaction occurred suddenly, 
within a minute or two of tilting m Cases 1 and 11, and in Case 12 after an 
interval of eight minutes during which blood-pressures fell slowly In the 
presence of vasomotor paralysis below the level of amesthesia such a fall of 
TPR cannot be accounted for by a further release of vasoconstrictor 
tone in the anaesthetised region of the body Vasodilatation above the level 
of anaesthesia must, therefore, have occurred 

Most subjects showing large falls m blood-pressure developed symptoms 
such as faintness, giddiness and nausea, accompanied by pallor, and, in 
some cases, sweating and changes of respiratory rhythm Such symptoms 
were more severe in the cases with a fall in T P R than in other subjects 
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4 Changes in heart rate and right auricular pressure 

Changes m heart rate were a feature of the circulatory response to 
spinal anresthesia and to changes of body position Cardiac slowing occurred 
m association with the larger falls m blood-pressure , but with reduction in 
blood-pressure of less than 25%, either no change or an increase m heart 
rate was observed No correlation was established between reduction m 
TPE and cardiac slowing , but an increase mTPB on tilting the body 
before spinal anresthesia was associated with cardiac acceleration 

A fall in right auricular pressure accompanied reduction m cardiac 
output m most mstanoes, but was not always proportional to it , the 
coefficient of correlation (r) was 0 85 Further statistical analysis suggested 
that the association between right aunoular pressure and cardiac output 
was disturbed by the effect of cardiac slowing on cardiac output Thus, 
the coefficient of partial correlation of right auricular pressure and cardiac 
output with heart rate eliminated was 0 9 

Discussion 

The mam factor determining the fall m blood-pressure m hypertensive 
subjects under spinal anresthesia appears to be a fall m cardiac output 
By this alone, blood-pressure may be reduced to a normal level In only a 
quarter of our hypertensive cases was there evidence of a fall m total peri- 
pheral resistance greater than fourteen per cent These findings explain the 
failure of spinal anaesthesia to predict the results of sympathectomy 

Riohards (14) has described circulatory studies by Coumand’s group 
on five hypertensive patients after sympathectomy The average figures 
for cardiac output before and after operation were 5 70 and 5 52 htres/mmute 
respectively, and there was a reduction m total peripheral resistance of 
13% These findings differ significantly from the effects of spinal anresthesia 
m our hypertensive subjects m whom the mean reduction m oardiao output 
was from 6 2 to 4 7 htres/mmute and the reduction in total peripheral 
resistance 5 4% The fall m mean blood-pressure was 15 6% m Cournand’s 
series compared with 26 5% m our cases The relatively large fall m blood- 
pressure during spinal anresthesia, compared with that observed after 
sympathectomy in hypertensive patients, is thus accounted for by the larger 
reduction m cardiac output by spmal anresthesia 

During these experiments on spinal anresthesia the upper part of the 
body remained unanresthetised The possible effect of compensatory 
vasoconstriction must therefore be considered Vasoconstriction in the 
fingers and vasodilatation m the toes at the onset of spmal anresthesia have 
been demonstrated by simultaneous plethysmography , and it has been 
inferred that finger vasoconstriction is an mdex of vasoconstriction m a 
larger, but not exactly defined, vascular bed of the upper portion of the 
body (6, 13) Midwilsky and de Ynes (12) claim to have shown that 
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compensatory vasoconstriction m the upper extremities is the mechamsm 
preventing a large fall of blood-pressure in spmal anaesthesia They observed 
hypotension only in cases with an upper level of sensory anaesthesia at or 
above the fourth thoraoic segment Anaesthesia to this level was associated 
with a rise m finger temperature which they attributed to paralysis of the 
sympathetic innervation of the upper limbs Finger temperatures were 
measured in four of our cases, a rise being recorded m two cases with upper 
levels of anaesthesia at Th 3-4 and Th 2 respectively, and not m two others 
with upper levels at Th 4-5 None of these cases developed hypotension 
under spinal anaesthesia alone Calculation of the possible effect of upper 
hmb vasoconstriction on total peripheral resistance renders Midwilsky and 
de Vries’ interpretation improbable The volume of the upper limbs, 
measured m two 75 Kg subjects by the method of displacement, was found 
to be approximately 650 cc At a blood flow of 3 cc per 100 cc of tissue 
per minute (2, 3) the total blood flow to the upper limbs would be of the order 
of 200 cc per minute On the principle that total peripheral resistance is 
composed of a number of separate resistances in parallel, the proportion of 
total peripheral resistance contributed by a region of the body with a blood 
flow of less than 20% of the total systemic blood flow is necessarily 
small Compensatory vasoconstriction, to be effective m maintaining 
blood pressure, must involve a region with a largo blood supply, 
such as the brain But Kety and Ins associates (10), m a recent report 
on the cerebral circulation m hypertensive subjects under differential 
spinal sympathetic block, found that, although cerebral blood flow fell, the 
vascular resistance of the bram did not increase As the bram is the only 
organ above the level of anaesthesia known to have a large blood flow and as 
cerebral vasoconstriction has been shown not to oocur, the effect of com- 
pensatory vasoconstriction m preventing a fall of blood pressure under spmal 
anaesthesia is probably of little significance 

The state of collapse observed m some subjeots tilted under spinal 
anaesthesia waB indistinguishable from a fainting attack Fainting attacks 
occur m many conditions m which the output of the heart is reduced, and are 
associated with a fall of total peripheral resistance (2) Such a fall in total 
peripheral resistance was observed m three cases tilted under anaesthesia, 
but in another case (Case 6) a similar clinical pioture including faintness, 
dizziness, pallor and bradycardia was associated with a very low cardiac 
output and no change m total peripheral resistance , evidently the mechamsm 
underlying this type of circulatory collapse cannot with certainty be inferred 
from the clinical picture alone 

A fall m total peripheral resistance m subjects tilted under anaesthesia 
was regarded as evidence of vasodilatation in the unanaesthetised parts of 
the body Confirmation of this view has since been obtamed by forearm 
plethysmography (17) The fall in peripheral resistance in other types of 
fainting has been considered adequately explained by reflex muscle vaso- 
dilatation (2, 3) In the present instance, however, the quantitative effect 
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of vasodilatation m the muscles with intact sympathetic innervation was not 
sufficient to account for the whole of the fall in total peripheral resistance 
It seems hkely that vasodilatation may occur m the brain in addition to the 
muscles Sehemberg and Stead (IS) found a 1 5 % reduction m cerebrovascular 
resistance with a 21% fall in cerebral blood flow m subjects tilted upright , 
Kety and Schmidt (8) found a 38% fall m cerebrovascular resistance in 
subjects inhaling 7% CO a , and 10% oxygen respectively , and a similar 
reduction was found in patients m diabetic coma (9) 

The following calculation shows the probable contribution to total 
peripheral resistance of a fall m vascular resistance both in the muscles and 
m the bram — 

Let it be assumed that the muscles with intact sympathetic innervation 
oomprise one quarter of the total muscle mass and that their blood supply 
is about 200 cc per mm — one quarter of a total muscle blood flow of 
800 co per mm (2) Kety and Schmidt’s mean figure for cerebral blood 
flow is 64 cc per 100 g of bram per mm (7) The total cerebral flow for 
a 1400 g bram is therefore about 760 cc per mm Let it be assumed that 
on tilting under spinal anaesthesia cerebral vascular resistance falls by 33%, 
and that the blood flow in tho muscles with intact sympathetic innervation 
increases two and a half fold, as m other types of fainting (2, 3) Prom the 
formula, resistance = blood pressure/blood flow, the approximate values 
for total peripheral resistance, and regional resistance before and during 
tilting under amesthesia have been computed as follows — 


Case 11 


Spinal anesthesia 

Total 

! peripheral 
| resistance 

Resistance 
m muscles 
aboi e sp on 

Resistance j 
m brain 

: 

Resistance 
m rest of 
body 

1 Before tilting 

BJ? 105 mm.Hg 

CO 3 0 L /mm 

B F muscles aboi cap an 

200 ec /mm 

1 105 

= 36 

1 30 

105 

= 545 

0 20 

105 

= 140 

0 25 

105 

«=E fiX 

2 06 

2 During tilting 

B.P 50 mm.Hg 

CO 2 7 h /mm 

B.F muscles above sp an 

500 co /mm. 

60 

; = 18 5 

j 2 70 

1 1 

50 

= 100 

0 50 

50 

93 

0 64 

60 

= 30 

1 06 


The percentage fall m resistance of the rest of the body — 

51 "P^ X 100 = 43% 

51 


Calculated in the same manner, the fall m the resistance m the rest 
of the body during tilting was ml m Case 1 and 66% in Case 12 In two of 
the three cases, therefore, the fall m total peripheral resistance on tilting 
under anaesthesia is not completely accounted for by vasodilatation m the 
muscles of the upper part of the body and m the bram 
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The mechanism of the fall m cardiac output which played a dominant 
part m deter minin g blood-pressure changes will not be discussed m detail 
It is pointed out that the reduction m cardiac output was found to be closely 
related to the fall m venous filling pressure There is no evidence that a 
decrease m intramuscular pressure occurs under spinal amesthesia (12) 
Hence the fall in cardiac output may be secondary to relaxation of venous 
tone as result of sympathetic paralysis The corollary of this would be that 
the role of the sympathetic nervous system in determining the resting level 
of arterial blood-pressure m the horizontal position depends ultimately on 
oontrol of the venous side of the circulation at least as much as on control 
of the arterioles 


Summary 

1 The circulatory effects of spmal anaesthesia carried to the level of 
the fourth to sixth thoracic segment have been studied in nine hypertensive 
and five control subjects with normal pressures by the method of cardiac 
catheterisation 

2 A fall in blood-pressure occurred m all cases This was accounted 
for mainly by a fall in cardiac output Although total peripheral resistance 
showed a tendency to fall, the changes were too small to be demonstrated 
convincingly m individual cases by the methods used 

3 In three out of eight hypertensive cases the blood pressure fell to 
normal levels In two of the cases this could bo explained by reduction of 
cardiac output alone , in the third, cardiac output and total peripheral 
resistance were equally involved 

4 Although the fall m blood-pressure was greater m hypertensive than 
m normal subjects, the percentage change from restmg levels was comparable 
m both groups 

5 Evidence of an unusual degree of restmg sympathetic vasocon- 
strictor tone Avas obtained m two out of eight hypertensive cases and one 
of five controls 

6 States of acute hypotension resulting from tilting the body during 
spinal anuestliesia were studied Evidence is presented that in some cases 
a fainting attack occurred, with vasodilatation above the level of anaesthesia 
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REGULATION OF SODIUM EXCRETION IN NORMAL 
AND SALT-DEPLETED SUBJECTS 

By D A K BLACK, ROBERT PLATT and S W STANBURY * 

( From the Department of Medicine, Manchester University ) 

The osmotic stability of body fluid depends on control of the serum sodium 
within a fairly narrow range of some 137-147 mEq /I The efficiency of 
this control of serum sodium is a commonplace of physiology, but the 
mechanisms involved are not completely understood It is known that 
unde variations in dietary intake of sodium are associated with only trivial 
changes m the serum sodium level, so that renal excretion of sodium 
effectively compensates for changes m the sodium intake, and m the amount 
of sodium lost by sweating In reviewing the excretion of sodium. Wesson, 
Anslov and Smith (22) explain diurnal variations in sodium excretion in 
terms of small variations m glomerular filtration rate (GFR) and serum 
sodium Such variations produce changes in the sodium load presented 
for excretion which are small in relation to the total sodium load, but large 
m relation to the amount of sodium ultimately excreted m the unne For 
example, a 1% change m GFR from 100 to 101 ml /mm at a serum sodium 
level of 140 mEq /I adds 0 14 mEq of sodium to the sodium load , this is 
as much as is commonly excreted per minute in the final urine, so that if 
no change took place in the amount reabsorbed the sodium excretion might 
be doubled by a very small change m GFR, such as could not be measured 
or ei en detected with certainty Such a concept presents obvious difficulties 
either of proof or of disproof , to circumvent these, it is necessary to work 
mth changes in GFR or serum sodium u Inch are well outside the range of 
error of the methods of estimation If it can be shown that a sodium load 
clearly m excess of normal does not necessarily lead to a high sodium 
excretion, then tubular activity must be in such circumstances a determinant 
of sodium excretion In these experiments \\ e have induced a low level of 
sodium excretion by a low-sodium diet, and have then increased the sodium 
load acutely by intravenous saline 

Experimental plan and methods 

We aimed at producing m normal subjects a moderate degree of salt 
deficiency enough to dimmish the urinary output of sodium to low levels, 
but not enough to produce gross disturbance of circulation associated with 
* Beit Memorial Research Fellow 

Wc are grateful to our colleague? Drs Gerald and Malcolm Milne, for sharing the 
discomforts of these experiments , and to Miss S V Dryden and the staff of the Diet Kitchen, 
Man chester Royal Infirmary, for preparing the nee diet used 
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a low plasma volume For this purpose we relied on a diet of very low 
sodium content, based on the nee diet of Kempner (7), and avoided aotive 
measures of salt depletion, such as were used by McCance (11) to induce 
the severer grades of salt deficiency The actual diet used was limited to 
rice and fruit, sweetened with refined sugar , this diet supplied not more 
than 0 2 gm of sodium daily, and about 1 g of potassium, and 26 g of 
protein After five to six days on the diet the effect of infusing hypertonic 
salt solution was observed After two to three preliminary periods, m 
which the base line excretion rates and inulm clearance were established, 
the infusion of saline was begun The amount and rate of the infusions 
used m different experiments are shown m Table I The observations 
on excretion rates and mulm clearance rates were contmued for several 
periods after the infusion Blood was collected by paraffined syringe, 
under oil, and the serum or plasma analysed for sodium, potassium, chloride, 
bicarbonate, urea, creatinine, and mulm Urine specimens were passed 
into measuring cylinders, covered with paraffin, and analysed for the 
same substances , phosphate, sulphate, and pH uere also determined 
on the urine specimens Similar observations were made at a time when 
our subjects were not on the rice diet , such comparison experiments were 
made at the same time of day, and under the same experimental conditions, 
apart from the preceding diet We have obtained fairly complete data on 
four normal subjects, and some data on a fifth normal suhjeot who had 
vasomotor disturbances sufficient to invalidate the mulm clearance measure- 
ments The analytical methods were as follows — 


Sodium and potassium 
Inulm 

Chloride (plasma) 

„ (urine) 
Bicarbonate 
Urea 

Creatinine 

Phosphate 

Sulphate 

pH 


Flame Photometer 
Colorimetric (Bacon and Bell (1)) 
Titration (Sendroy (10)) 
Thiocyanate titration 
Von Slyke manometnc 
Aeration and titration 
Colonmetrio (Brod and Sirota (2)) 
Moljbdnto colorimetric 
Gravimetric 
Electrometric 


Results 

Effects of the rice diet 

All the subjects found the diet monotonous and unpalatable, and the 
amount consumed tended to fall off No positive ill-effects were noted, 
unless perhaps a shght lethargy , when normal diet was resumed, three of 
the five subjects had pale bulky stools for a day or so The data m the 
pre-mfusion periods show that muhn clearance was lower than normal on 
the rice diet (Table II) In only one subject was this difference considerable 
This fall m mulm clearance is m accord with previous data on hypertensive 
patients treated on the nee diet, Chasis (3) 
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As might he expected sodium excretion was much loner on the rjco 
diet Comparing the pre-infusion periods only, the “ nonual ” sodium 
oxoretion in three subjects averaged 230, 240, and 327 micro-equivalents 
per minute { fxEq /mm ) , while the “ rice-diet ” excretion v as respectively 
44, 41, and llpEq /mm These data obtained on short periods agree with 
the 24-hr sodium excretions obsert ed in one nonual subject, \\ Inch amounted 
on successive days from starting the rice diet to 04, 30, 47 and 12 gEq / nun 

TABLE I 


Amount and rate of tnfustous 


1 

i 

Experiment! 

1 

Subject 

1 

Infusion 

j Total Nn 
(mEq ) 

<% NaCl ) | 

Rate 

(ml /min ) 

l Duration 
| (mins ) 

1 i 

RP- 

•normal 

6% 

83 

1 24 

1 171 

2 

i *' ' _ 

) 

-rice diet 

r>% 

10 0 

20 

171 

3 

QM- 

-normal 

(Cleama 

ice determined j 

without sal 

line ) 

4 

l * ~~ 

-rice diet 

io% ! 

80 

23 

342 

5 

D B — normal 

G% 

10 0 

! 21 1 

i 180 

0 

I 

»» 

-nco diet 

3 3% j 

I C 

78 

00 

7 

| S\\ S 

— rice diet 

3 3% , 

I 5 

78 

00 

8 

1 M.D.M — nee diet 

1 

5% | 

70 

50 

300 


TABLE II 

“ Normal ” and “ rrce dtel ” mulin clearances 



Normal 

Rice diet 

Subject 

clearance 

clearance 

i (ml / min.) 

(ml jmui.) 

RP 

01 

85 

GM 

150 

90 

DB 

j 101 

93 


Although smaller than normal, these amounts are still in excess of the 
sodium supplied m the diet Within the relatively short period covered 
by our experimental diet, nitrogen balance remained negative , and tins 
has been observed oier longer penods by Currens et al (4), m spite of the 
claim b\ Kempner (7) that nitrogen balance is soon attained The blood 
urea vaslou on the rice diet In one subject studied bj balance experiments, 
the none -volume alone exceeded the amount of fluid drunk, and there vas a 
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loss of potassium from the body Together with the negative sodium 
balance, these findings suggest a small loss of both intracellular and extra- 
cellular fluid , but there was no clinical evidence of dehydration 

Effects of the infusion 

The slow infusion of hypertonic saline (experiments 6 and 7) caused no 
definite change m either lnulin clearance or serum sodium level Likewise, 
there were no general changes during or after the infusion The rapid 
infusion of hypertonic sahne (experiments 1, 2, 4, 5, and 8) was attended by 
shivering and malaise m two of the four experiments (2 and 4), and m the 
actual period of infusion the muhn clearance was reduced in these experi- 
ments , in the others there was no malaise and no depression of muhn 
clearance All subjects noted a salty taste or complamed of tlurst The 
one subject to whom 10% sahne was given rapidly had a thrombosis of the 
vem used, a complication which is not recorded by others who have given 
even larger infusions of 10% sahne at the same rate At the end of the 
rapid infusion the three subjects on the nee diet showed a rise m muhn 
clearance , this was absent on normal diets, but the data are not stnctly 
comparable in respect of the amounts infused The serum sodium increased 
after infusion, hut the increase was small, and it is clear that the mam internal 
change after infusion is a large increase in extracellular fluid This expansion 
of extracellular fluid is the immediate defence against increase of serum 
sodium, and the data show how effective it is The kidneys play little part 
m the early stabilisation of serum sodium, for the amounts exoreted during 
and soon after the infusion were quite trivial m comparison with the amounts 
given ITurther evidenoe of the expansion of extracellular fluid was given 
by the changes m plasma muhn level under conditions of constant muhn 
supply These showed decreases of 20-30%, which imphes an increase in 
“ muhn space,” though this cannot be applied quantitatively, as short-term 
equilibrium was probably not attamed The serum chloride concentrations 
increased more than did the sodium concentrations, and there was a fall m 
plasma bicarbonate The data on muhn clearance and serum sodium are 
summarised in Table III , they are in general accord with the data of 
Mokotoff et al (13), and of Kriss and Tutcher (9) on the infusion of 10% sahne 
into normal people 

Sodium excretion 

Our mam object m these experiments was to examine the thesis that 
sodium excretion is essentially dependent on sodium load Sodium 
excretion was measured directly We have calculated sodium load simply 
by multiplying muhn clearance by serum sodium, without making any 
correction for the Dorman effect The systematic error involved m this 
method is negligible m relation to the magnitude of the changes which we 
induced in sodium load We have already mentioned the low level of 
sodium excretion on the rice diet and tlus by itself might be partially 
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explained m terms of a slight decrease m sodium load, but moreased 
reabsorption of sodium in the tubules stands out clearly when the sodium 
load is raised above normal by rapid salme infusion In Table IV, we give 
the relationslup between sodium load and sodium exoretion m eight 
experiments, taking as our reference penod the urine collection period 
immediately after the completion of the infusion In experiments 3, 6, and 
7, no large infusion was given, and here we have given the middle penod of 

TABLE m 


Effccl of large hypertonic tn/uston on GFR and serum sodium 


Experiment 

Subject 

Inulin clearance (GFR) 

(ml /mm ) 

Increase m 

1 serum sodium 
(mEq/1 ) 

Before 

During 

After 

G 

D B normal 

101 

97 


2 

1 

R P normal 

01 

03 

85 

6 

2 

R.P rice diet 

85 

57 

168 

4 

3 

G M rice diet 

00 

34 

210 

7 

8 

MJVL rice diet 

81 

73 

171 

9 


TABLE TV 


Experiment 

Subject 

State 

GFJR 
ml /min 

. 

Serum Na 
mEq /I 

Load 
mEq /mm 

Excretion 
>iEq /mm 

% 

Reabsorption 

1 

JU> 

Normal 

83 

148 

12 3 

434 


2 

RP 

Rice 

168 

144 

22 7 

73 

09 08 

3 

GM 

Normal 

148 

140 

20 7 

230 


4 

GM 

Rico 

210 

140 

29 4 

118 


5 

DB 

Normal 

100 

141 

14 0 

241 

08 38 

0 

DJ3 

Rico 

103 

140 

14 4 

02 5 

09 94 

7 

88 

Rice 

172 

136 

23 2 

18 7 

99 02 

8 

MAI 

Rice 

171 

145 

24 8 

413 

98 33 


observation In Fig 1, we have plotted the percentage reabsorption of 
sodium against sodium load, taking all penods m the eight experiments 
into account The complete figures are given m an appendix It will be 
seen that on the rice diet the percentage reabsorption of sodium (Rjf 0 %) 
is greater than on a normal diet, and that this is so quite independently of 
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sodium. load The observed changes m percentage reabsorption on normal 
and rice diets are also independent of changes m the minute volume of urine 
The range of unne volume covered by our results is considerable (from 0 3 
ml /nun to 10 7 ml /nun ) , water by mouth was given freely during the 
test, but the hypertonic saline injections were followed by notable and 
protracted oliguria The high R>,-»% m the nee diet subjects is not 
dependent on a low plasma level of sodium, for the saline infusions raised 
this to norma] levels without bringing sodium reabsorption down into the 
normal range The only exceptional result m our series is m the two final 
periods in subject MDM, experiment 8, m which massive saline infusion 
lowered the Rjj.% to 98 33 and 98 58%, values which fall m the upper 



* 6 0 10 12 14 16 10 20 22 24 26 20 JO 


SODIUM LOAD MEO/MIN 

Fig 1 Relation between sodium load (mEq /min.), and sodium percentage roabsorption (as 
% of load) The closed oiroles represent periods on normal diot, the open oiroles ponods 
on the nee diet 

part of our normal range In this experiment, the infusion of 5% saline 
caused venous pam, and had to be slowed to a rate of less than 10 ml /mm , 
so that the infusion lasted for an hour instead of the usual tuenty minutes 
Thus the change from “ salt-deficient ” to “ normal ” handling of sodium 
load may already have begun in this subject, but Ins results are inoluded 
m the “ salt-deficient ” group The mean sodium reabsorption in 29 
“rice-diet” periods was 99 61 ± 0 37% and m 18 “normal” periods 
97 86 ± 0 85% The standard error of the difference is 0 24%, and 
P<0 001 

Although percentage sodium reabsorption is probably the most suitable 
measure of the way m whioh the kidney treats the sodium ion, from the 
point of view of sodium balance the important quantity is the absolute 
amount of sodium winch is excreted Our results show the lack of dependence 
of excretion on sodium load m at least tiro ways Eesults from experiments 
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SODIUM tO AD 


SODIUM CXCRETEO 



Pig 2 Data from experiment 5 (normal diet) and experiment 0 (rice diet), showing the relation 
between sodium load and sodium excretion in suoecssno clearance periods (Note — The 
scale of excretion is 40 times that of the load ) 


SODIUM 

load 

/truft 


SODIUM 

mum [jj EXCRETED 



mm 


Fig 3 Data from experiment 1 (normal diet) and experiment 2 (rice diet), showing that m 
the latter a large increase of sodium load does not raise the sodium excretion to normal 
let els Scale asm Fig 2 
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5 and 6 (Fig 2) show that at comparable levels of sodium load the same 
subject has a much lower sodium excretion after a few days on a low-sodium 
diet Fig 3 shows that even when the load is increased by saline infusion, 
the excretion of sodium in the rice-diet experiment still does not approach 
the levels found m the same subject when taking a normal diet There is, 
of course, some increase m sodium excretion with saline infusion in the 
rice-diet subjects , the narrow range of R Ma % necessitates this but it is 
trivial in comparison with the difference between the sodium excretion m 
normal and rice-diet experiments 



2 4 6 8 10 12 M 16 18 20 22 24 


CHLORIDE LOAD MEQ/MIN 

Fig 4 Relation between chloride load (mEq /min ) and chloride percentage reabiorption (os 
% of load) Symbols as in Fig 1 

Excretion of other substances 

The excretion of chloride was rather similar to that of sodium, both 
on the normal and on the rice diet A comparison of Fig 1 and Fig 4 shoivs 
the analogy, but minor differences are also apparent The average 
percentage chloride reabsorption (Roi%) m the nee diet is even higher than 
that of sodium, but two of the three subjects exposed to a high sodium 
chloride load while on the rice diet showed a fall m Roi%, whereas only 
one showed a similar fall m Rj,- a % On the other hand, the normal range 
of Rci% extends as low as 95%, while we have not met a normal value for 
R Na % lower than 90 2% The contrast between the “normal” and 
“ rice-diet ” handling of chloride is even greater than that for sodium 
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The excretion of bicarbonate was related to urinary pH rather than to 
the concomitant output of sodium or chloride This must be so, since 

H HOP 

urinary pH is a function of log g HCO^ ’ anc ^ ®-COj for tubular urine 

approximates H HOO a for tissue flmd, and ao is relatively constant, so that 
the wide variations m urinary pH must be reflected in similar wide variations 
in B HCO, This familiar relationship v>as unaSected by the special 
conditions of our experiments 

The level of potassium excretion was lower on the rice than on the 
normal diet (Table V and Fig 5) This was so at comparable levels of 
potassium load, indicating that potassium reabsorption was greater on the 
rice diet, in spite of the fact that the potassium content of the rice-diet ib 
within the normal range This may be a reflection of an expanded mtra- 

TABLE V 


Comparison of excretion rates of potassium, sulphate, and phosphate on normal and nee diet 
(Data from pre infusion periods ) 


Experiment 

Diet 

Potassium excretion ] 
gEq /mm j 

Inorgamo sulphate | 
PEq /mm j 

Inorgamo phosphate 
mg /mm 

' 

Normal 

132 

68 ; 

i 

0 51 

2 

Rice 

33 

23 

0 29 

3 

Normal 

140 

— 

— 

4 

Rice 1 

03 

19 

0 19 

6 

Normal 

13G 

25 

0 81 

0 

Rice 

30 

10 

— 

7 

Rice 

55 

17 

j 

0 16 

8 

Rice 

62 


0 20 


cellular fluid compartment, but the mechanism whereby this adaptation 
occurs is not known to us Another possibility, equally unproven, is that 
enhanced tubular reabsorption of sodium and chloride may favour potassium 
reabsorption this cannot be a universal happening, in view of the opposing 
action of desoxycorticosterone (DCA) on sodium and potassium excretion 
Our data on sitlphaie and phosphate excretion are incomplete (Table V) 
However, as one might expect from the low excretion of both sodium and 
potassium, the excretion of both these amons tended to be low on the nee 
diet, irrespective of the level of glomerular filtration The lack of relation 
of sulphate excretion to inulin clearance casts some doubt on the use of 
sulphate clearance to measure filtration rate (Raaschou (16)) , they were 
certainly not equal m the conditions of our experiments 
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Our mam object m studying the excretion of these other electrolytes 
m some detail was to ensure that any changes m their excretion which 
might affect sodium excretion should be apparent It is clear from Table V 
that the low excretion of sodium and chloride m the nee diet oannot be 
merely a secondary consequence of a high excretion of potassium, sulphate 



Pig G Comparison of rate of potassium excretion ( pEq /mm ) on normal and rice diet 
frequency distribution. 

and phosphate Similarly m Table VI we have collated the ohanges in 
electrolyte excretion induced by infusion With small infusions, there was 
little change m the excretion of other electrolytes, even though m experiment 
7 sodium excretion rose considerably The increase in electrolyte excretion 
induced by infusion was greater on the rice diet than on normal diet, with 
comparable infusions With few exceptions, when a rise m sodium excretion 
occurred, other electrolytes were also excreted at an increased rate The 
general conclusion we would draw from these findings is that in our 
experiments the renal handling of sodium and ohlonde was not seriously 
distorted by primary changes m the excretion of other electrolytes 

The rate of excretion of urea increased after the infusion m experiments 
6 and 7, and decreased m experiments 1, 2, 4, 5 and 8 These changes were 
related mamly to changes m the unne volume, which mcreased m experiments 
6 and 7, and decreased m the other experiments The rate of ammonia 
nitrogen excretion on the nee diet was low, and was not significantly modified 
by the infusion The excretion of creatinine bore a general relationship to 
that of mulm, but m a majonty of expenmental penods the two clearances 
were not identical (Tig 6) The unne pH on the nee diet ranged from 6 8 
to 7 0, and usually fell after the infusion of hypertonic saline 
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TABLE VI 


Ratio of poslanfttsion to pre tttftaion rate) of electrolyte excretion 


Experiment 

Diet 

Total | 
infused ! 
(mEq Na } 

Sodium 

ratio 

Potassium 

ratio 

1 Cl ratio 

1 

! 

Phosphate 

ratio 

Sulphate 

ratio 

X 

Normal 

: 

171 

; 

1 3 

0 85 

' 1 37 

1 6 

i 

, 0 64 

2 

Rice 

171 

40 

1 77 

1 57 

2 I 

1 00 

■1 

Bice 

342 

3 7 

43 

| 12 6 

49 

! u 7 

5 

Normal 

180 

1 05 

j 1 01 

I 14 i 

1 88 

j 09 

0 

Bice 

60 

1 44 

i 12 

j 05 

— 

, 1 2 

7 

Bice 

00 

1 13 0 

1 1 2 

| 1 82 

1 7 

1 77 

8 

Bice 

300 

1 26 0 

1 

i I 0 

1 

' 18 l 

l 

1 8 

i 


z 

5 

> 

i 


'i 

I 

a 

v 


z 



OtiXTlNtNE CLEARANCE ML/MIN 

Fig 6 Relation bettreen tnulm clearance (ml /mm ) and crcotminc clearance (ml /min ) 


Discussion 

Our results show rather clear]} that the amount of sodium reabsorbed 
by the renal tubules is not determined solely by the sodium load , they are 
thus in contradiction to the claims of Mokotoff ei al (13), who described a 
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straight-lme relationship between these two quantities Other workers have 
demonstrated a similar variability of tubular reabsorption under different 
circumstances Thus, Newman (14) and his co-workers have found that 
mild exercise depresses sodium excretion m normal people, even without 
any perceptible change in GFR Two groups of experiments have been 
reported more closely resembling our own, m that hypertonic saline infusions 
were used to increase the sodium load Kriss and Futcher (9) found a fall 
m It 01 % both m normals and m patients with Cushing’s disease, after massive 
saline infusion In dogs, Green and Farah (6) found that large changes m 
sodium excretion could be induced by saline infusions without any consistent 
or proportionate changes m GFR As a demonstration of the mdependent 
variability of tubular function, the results reported here have certain advan- 
tages over the reports cited from the literature 

(1) Thanks to the larger heemodynamic changes produced by rapid 
saline infusion m our rice-diet subjects, we were able to study sodium 
excretion over an unusually wide range both of GFR and of urine volume 

(2) For the same reason, the changes m GFR were unequivocal m the 
loading experiments done on the rice diet 

(3) Our experiments were all carried out at the same time of day, the 
forenoon, m which sodium excretion is maximal m the normal person (Norn, 
(16) , Stanbury (20)) This makes the differences m sodium excretion between 
the “ normal ” and “ rice-diet ” subjects more definite, but at the same 
time strictly comparable m this respeot 

(4) There are enough results on the excretion of other substanoes to 
allow us to exclude any serious bias of sodium excretion by gross changes 
m the excretion of other substances In particular, we can exclude osmotic 
diuresis as an explanation of the changes in sodium excretion which we 
observed after infusion , for the excretion of other substanoes tends to rise 
along with that of sodium m our results, whereas in osmotic diuresis the 
excretion of substances other than that oausmg the diuresis falls, and the 
urine becomes more dilute (McCance (12) , Rapoport et al (17)) 

In considering what may be the explanation of our results we must 
distinguish between the possible stimulus to sodium excretion and the 
mechanism by which this stimulus becomes effective While the amount 
of salt infused may not have replaced completely the amount lost during 
the first few days of the nee diet, it was at least sufficient to raise the plasma 
sodium and it must have considerably expanded the plasma volume and 
extracellular space None of these stimuli was sufficient to abohsh the 
high rate of tubular absorption of sodium which had occurred on the low- 
sodium diet but we cannot on this evidence exclude any of these factors 
as the normal stimulus to sodium excretion because the stimulus may aot 
through a mechanism which may take time to come into operation, eg , a 
hormonal mechanism 
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If the mechanism which adjusts sodium excretion to body needs does in 
fact involve a time-lag, then the arguments which we have already given 
against GFR being the direct controlling factor of sodium excretion are 
reinforced, since there can be no time-lag in variations of sodium load 
produced by this means This applies not only to conventional variations 
m GFR, with a constant number of glomeruli perfused, but also to variations 
attended by opening or closing of glomeruli On the rice diet, it is conceivable 
that the low GFR might be associated with a smaller number of aotive 
nephrons , but at any given level of GFR this would be expected to dimmish 
Rn*%> and could not account for the high sodium reabsorption which was 
in fact observed 

Our results are hard to reconcile with two concepts put forward -by 
Wesson et al (22) As already stated, they place emphasis on variations m 
sodium load as the mam determinant of sodium excretion , we have shown 
that our results cannot be explained m this way Less directly, their other 
concept of a maximum of distal tubule reabsorption of sodium is deprived 
of physiological significance by our demonstration that after a few days 
on the nee diet the tubule vail perform feats of reabsorption which are 
never likely to be demanded of it m everyday hfe 

As with the initiating cause of sodium retention, so with its mechanism 
we have no direct lead from our results, unless it bo that the slowness with 
which the effect passes off favours a hormone mechanism Changes m 
pituitary and in adrenal cortical activity have to be considered Surprisingly, 
data on the effect of pituitrm on sodium, as opposed to water, excretion are 
scanty and inconsistent On the whole, pituitrm is thought to increase 
sodium excretion but there has been no convincing demonstration that this 
is the case m normal man Until further information is available on thiB 
point, it is futile to speculate on the possible role of ADH m produemg the 
observed results It can be said, however, that pituitary action was not 
maximal on the rice diet, for hypertonic saline injection was followed by a 
fall m urine volume It is equally difficult to define the part which might 
be played by the adrenal cortex m produemg the phenomena we have 
observed Steroids of the desoxycorticosteroid group are certainly salt- 
retaining, and oastrogens and androgens also lead to salt retention , on the 
other hand, corticosterone and related compounds may produce at least a 
temporary increase m Bodium and chloride excretion (Kendall (8)) Leaf 
and Couter (10) have contended that the renal excretion of sodium m normal 
subjects is regulated by a DCA-hke substance We find two possible 
difficulties m attributing our observed pattern of renal electrolyte excretion 
to a DCA-hke substance — 

(1) There was no change in serum potassium, and no enhanced 

potassium excretion, in subjects on the rice diet 
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(2) We found great difficulty in mduomg water diuresis when our 
subjeots were on the rice diet Although DCA is salt-retaining, it 
enhances water exoretion, in antagonism to pitressm (Sartonus and 
Roberts (18)) , these results were obtained m dogs, however, and may 
not apply in man 

It is possible, of course, that the action of DCA in enhancing water 
and potassium excretion may be corrected by other steroids when the adrenal 
acts as a physiological unit We have recently observed very marked 
retention of sodium, in response to ACTH, without any definite change in 
potassium excretion Moreoever, Gaudmo and Levitt (5) have found that 
DCA and whole adrenal cortical extract differ in their effect on water- 
balanoe , DCA produces no change or a decrease in body-water, whereas 
whole cortical extract causes considerable expansion of intracellular fluid and 
body-water We are mckned to attribute the sodium retention observed in 
our salt-depleted subjects to an over-action of the adrenal cortex as a whole, 
the action of DCA-hke substances being substantially modified by that of 
other steroids 


Summary 

1 Five normal subjects were given a nce-and-fruit diet containing 
less than 0 2 g of sodium per day After five days, the excretion of sodium 
m the urine was less than 50 pEq /mm , the excretion m the same subjects 
on a normal diet at the same time of day was over 200 pEq /mm 

2 When hypertonic sahne (6 or 10%) was infused at rates up to 10 
ml /min , the sodium excretion remained less than normal, even although 
such massive infusions were followed by a large increase in sodium load 
(plasma 6odium x GFR) 

3 The very low excretion of sodium on a salt-poor diet was mainly 
attributable to an increased tubular reabsorption of sodium, only a minor 
part being played by the diminished sodium load The mean sodium 
reabsorption m 29 “ nce-diet ” periods was 99 01 ± 0 37%, while on a 
normal diet (18 periods) it was 97 80 ± 0 86% 

4 The increased sodium reabsorption found in the rice diet subjeots 
persisted after the plasma sodium and the muhn clearance had been raised 
to normal levels, or higher, by salrne infusion This shows that sodium 
excretion cannot be regulated solely by changes m GFR and plasma sodium 

5 The delay m the readjustment to a normal or increased sodium load 
suggests that a hormonal mechanism may be concerned , and there might 
be an over-production of adrenal cortical hormones during salt depletion 
Our results do not define the stimulus m response to which such an adjust- 
ment is made 
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APPENDIX 

Experimental data on urine volume, QFR, anti sodium excretion 


Experiment 1 Subject R P M 49 years Norma! diet Infusion of 5% NaCl m period 3 
Total sodium given — 171 mEq 


Period 

Duration 
of period 
(mm ) 

i 

1 Urine 
i ohime 
l (ml /mm ) 

Inulm 
clearance 
(ml /mm ) 

Plasma 
sodium 
(mEq /I ) 

Sodium 
load j 

(mEq /mm ) 

Sodium 
excretion 
(/lEq /mm ) 

Sodium 

reabsorptjon 

0/ 

/o 

1 

26 

30 

88 


12 0 

327 

97 4 

2 

33 

8 6 

04 


13 4 

320 

97 67 

3 

45 

6 6 

03 

I 

13 5 . 

380 

97 ID 

4 

33 

20 

83 

148 

12 8 ' 

| 

434 

96 47 

6 

32 

20 

87 

__ 

12 0 j 

485 

90 23 

6 

30 

1 7 

70 

148 

11 2 | 

380 

96 54 

7 

45 

' 1 3 

72 

— 

10 7 

i 

295 

07 23 


Experiment 2 Subject R P Rice diet for six days Same infusion as in experiment 1, given 
in. period 3 


Period 

Duration 
of period 
(mm ) 

tjrmc | 
v olume | 
| (ml /mm ) j 

Inulm 
clearance | 
(ml /mm ) \ 

l 

Plasma 
sodium | 
(mEq /l ) 

Sodium 

load 

(mEq /mm )] 

Sodium 
excretion 
(jiEq /mm ) 

Sodium 

reabsorption 

% 

1 

08 

1 7 

1 

85 

143 

12 2 

7 

99 94 

2 

23 

57 

85 ! 

— 

12 2 

15 

99 88 

3 

30 

35 

57 

144 

8 2 

30 

00 60 

4 

20 

43 

158 

147 

22 7 

73 

00 08 

5 

93 

05 

89 

147 

13 1 

I 20 

! i 

09 80 

Experiment 3 Subject GJII JI 

, 34 years 

Normal diet No infusion 


! 

Period 

1 Duration 
j of period 
, (mm) 

Urine 
| volume 
(ml /ram ) 

Inulm 
clearance 
(ml /mm ) 

Plasma 
sodium 
(mEq fl ) 

Sodium 

load 

(mEq /mm.) 

Sodium 
excretion 
0<Eq /mm.) 

Sodium 

reabsorption 

0 / 

/o 

1 

10 

44 

j 119 



10 7 

258 

98 45 

O 

29 

2 0 

1 151 

| 

140 

| 21 2 

240 

08 80 

3 

21 

5 0 

148 

( 

* 

j 20 7 

230 

98 80 

4 

1 20 

6 1 

J 153 

S “ 

t 21 4 

i 

218 

98 98 
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Experiment 4 Subject GM Rice diet for five days Infusion of 10% NaCI in period 3 
Total sodium given — 342 mEq 


Period 

Duration j 
of period 
(mm ) 

Urine 
volume 
(ml /min ) 

i 

Inulm 
clearance 
(ml /mm ) 

Plasma 
sodium 
(mEq/l ) 

Sodium 

load 

(mEq /mm ) 

Sodium 
excretion 
(uEq /mm ) 

Sodium 

reabsorption 

0/ 

/o 

l 

1 

26 

10 7 

83 

133 

11 0 

39 

00 06 

2 

33 

3 1 

97 

— 

12 9 

42 

00 07 

3 

00 

03 

34 

133 

4 6 

14 

00 60 

4 

43 

I 21 

210 

140 1 

20 4 

118 

99 00 

6 

29 

1 1 1 

128 

141 

18 1 

116 

00 36 


Experiment 6 Subject D B , M , 36 years Normal diet Infusion of 6% NaCl in period 4 
Total sodium given — 180 mE 


Duration Urine Inulm Plasma Sodium Sodium Sodium 

Period of period volume clearance sodium load excretion reabsorption 

(min ) (ml /min ) (ml /mm ) (mEq /I ) (mEq /min ) (aEq /mm ) % 
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Eipcnme iif 7 Subject S W 8 , M , 30 years Rice diet for five days Infusion of 3 3% NaCl 
in periods 2, 3 4 Total sodium gir en — GO mEq 


Period 

| Duration 
of period 
(mm ) 

Urine 
r olume 
, (ml /mm ) 

i 

i Inuhn 
clearance 
(ml /mm ) 

1 

! Plasma 
sodium 

1 (mEq /I ) 

Sodium Sodium 

load j excretion 

(mEq /min )' (jiEq /mm ) 

Sodium 

reabsorption 

0/ 

1 /o 

1 | 

00 i 

04 

96 

!. 

l 

136 

13 0 j 

i 

99 99 

2 ' 

43 

1 1 

221 

133 

29 8 2 

) 

99 99 

3 


G3 

202 


i 27 2 j 

13 

99 95 

4 

I 10 

8 1 

172 

135 

1 

23 2 1 

19 

99 92 

5 

21 

1 

| 02 

148 

136 

20 1 

1 

26 

99 87 


( Note . — Pallor and faintness occurred m period 1, after a drrp had been set up, but before saline 
infusion ) 


Experiment 8 Subject JOI , M , 34 years Rice diet for five dayB Infusion of 5% KaCl in 
periods 3, 4, 6 Total sodium gir en — 300 mEq 


Period j 

• 

Duration 
of period I 
(mm ) 

| Urine 
volume 1 
| (ml /min.) I 




Sodium 
excretion 
(jiEq /min ) 

Sodium 

1 reabaorption 

1 % 

1 

16 

73 

78 

136 

10 5 

27 

90 74 


22 


83 

! — 

113 

31 

99 72 


31 


73 ! 

136 

10 2 

25 

09 75 


23 


98 ! 

_ 

14 0 

69 

99 5 

5 

45 


171 

144 

24 8 

413 

98 33 

0 

29 

• 


130 

145 

18 0 1 

268 

98 58 

’ 
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HYPERTENSION PRODUCED IN THE RABBIT BY LONG 
CONTINUED INFUSIONS OF RENIN 

By R B BLACKET,* A DEPOORTER.t G W PICKERING, 
A L SELLERS^ and G M WILSON 


It is now very widely believed that renin is the agent responsible for 
hypertension in the initial period, which may last days or w eeks, after renal 
artery constriction In the dog experimental renal hypertension is inde- 
pendent of the nervous connections of the kidney (2), is accompanied by an 
excess of remn and hypertensm m the blood (3, 8), and is abolished by 
removing the lsclnemic kidney (6, 2, 33) In the rabbit experimental 
hypertension is accompanied by an increase m the renin content of the 
kidney (20) and is abolished by nephrectomy m a similar time to that taken 
for hypertension to subside after stopping an infusion of remn (14) But 
m the later stages it is uncertain how far renm is concerned m the maintenance 
of hypertension In the dog, present evidence is against an increase in the 
remn content of the blood (12) , nephrectomy may or may not abohsli 
hypertension (20) In the rabbit, the renal content of renm is not increased 
(2G) , nephrectomy fails to abohsli hypertension (23) 

In trying to judge the role, if any, of renm in the genesis of experimental 
hypertension, a major difficulty is the dearth of knowledge concerning the 
characteristics of hypertension produced by the release of renm mto the 
blood stream It is even doubtful whether the continued discharge of 
renm mto a vem would result in a maintained hypertension Tigerstedt 
and Bergman (32) showed that, at least m the anaesthetised animal, rapidly 
repeated injections lead to progressive decrease and final extinction of the 
response, a phenomenon which has been fully confirmed Page (22) found 
that continued intravenous infusion of renm failed to produce maintained 
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hypertension m anaesthetised dogs On the other hand Hill and Pickering 
(14) found that small doses of renin infused into the ear veins of unames- 
thetised rabbits for four hours would produce a maintained hypertension 
of about 30 mm Eg , the artenal pressure took about 4 hours to return to 
normal after stopping the infusion With larger doses, hypertension was 
not maintamed Taggart and Drury (31) obtamed similar results It 
seemed probable therefore that m the unansesthetised rabbit hypertension 
could be mamtained indefinitely, provided a suitable dose of renin was used 
and satisfactory methods devised for its prolonged infusion This has been 
done and we record here some of the properties of hypertension produced 
by known doses of renin 


Methods 

At the outset it was clear that there would be many technical difficulties in obtaining a 
suitable preparation of renin and m devising an arrangement whereby this could be delivered at a 
constant rate into a vein for long periods while the animal was unansesthetised and relatively 
unrestrained These were gradually overcome The final difficulty Bhows how narrowly we 
succeeded Even when we had prepared what seemed to be a suitable and sterile solution of 
renin, and devised a method for delivering it at a steady rate by a sterilised apparatus, our 
animals fell ill and died Careful analysis showed that this toxic effect was due to a bacterial 
reaction taking place m the infusion apparatus. It was only by taking the strictest aseptio 
precautions that it was possible to maintain the animals m good physical condition and to produce 
persistent hypertension 


Etnin 

Since renin is a protein and is antigenio (8, 18), it is essential that the preparation used 
should be made from the kidney of the same species as the animal into which it is to be injeoted 
We have been fortunate in obtaining the kidneys from some 2,000 rabbits within 18 hours of 
death by trapping, and in obtaining the kidneys from the frozen carcasses delivered to the Hospital 
kitchen Preparations from these kidnoys have been made by the following two methods 

1 Alcohol method The majority of preparations were made by this method, which lias 
the advantage that the alcohol-dried kidney powder is stable and can he worked up as required 

The kidneys are stripped of fat and connective tissue, and minced Ethanol is added in the 
proportion of 2 ml. per g and the mixture placed m the refrigerator for 2 days during which it is 
shaken or stirred repoatedly It is then filtered through muslin, as much alcohol as possible 
expressed by squeezing, and the residue dried at room temperature The dry powder is stored 
and used as required About 400 g of powder is extracted with 4 litres saline m the refrigerator 
for 2 days and filtered through muslin. The filtrate is acidified with N HOI to pH 4-4 5 and 
centrifuged. The supernatant is half saturated with ammonium sulphate and left m tall cylinders 
for 2 days at 0°C The resulting precipitate is separated by gravity and resuspended m half 
saturated ammonium sulphate This is repeated twice and the precipitate finally separated by 
filtration The precipitate is dissolved m water and the filter paper extracted with water, and 
the combined solutions dialysed agamst tap water 8 g NbCI per 100 cc are added and N.H01 
to pH 4 The precipitate is centrifuged off and the solution again dialysed NaCI is added to 
0 9%, and Norit 1 mg per ml , the solution is centrifuged, and filtered through a Whatman 
No 42 paper 

2 Seating method Fresh kidney's are ground with sand m a mortar and extracted with 
10 cc saline per g kidney The extract is left in the refrigerator overnight and filtered through 
cloth The turbid filtrate is heated in 400 co lots to 60°C for 20 minutes in a water bath (20), 
cooled under the tap and, when cool, centrifuged The supernatant is acidified to pH 4 with 
N HG1 and centrifuged The supernatant is adjusted to pH 6 6 with N NaOH and filtered 
The filtrate is half saturated with ammonium sulphate and left in tall cylinders m the refrigerator 
The precipitate is washed twice with half saturated ammonium sulphate, and finally filtered 
through paper The precipitate is suspended m water, to which are added washings of the filter 
paper with N/100 Na;COs The whole lot is dialysed against tap water for 24 hours and centn 
fuged Sodium chloride to 8% is added to the supernatant, and the precipitate centrifuged off 
The supernatant is brought to pH 4 5 with N HC1 and the precipitate again centrifuged off 
After dialysis for 24 hours agamst tap-water, the solution is made up to 0 9% with solid NaOl, 
treated with Norit 1 G mg per cc , filtered twice through Whatman No 42 paper in the refrigerator 
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Sterilisation of renin Renin cannot be sterilised by heat It is destroyed by boiling and 
by keeping at 50° C for 2 hours Katz and Goldblatt (19) have sterilised it by Seitz filtration, but 
after this procedure our preparations, m small samples, have shorn! complete loss of neti\ lty , 
probably duo to adsorption on the asbestos pads At the suggestion of Mr Holt and Dr 
Htminehreit, filtration tlirough a graded collodion membrane of pore size 0 81 p was tried, and 
produced without loss of potency a bactcnotogicnlly sterile solution With the help of Dr 
Himmelweit and his staff in the Wnght-Flcming Institute, filtration through membranes of pore 
size 0 0 to 0 81 p has been used with consistent success to sterilise our preparations of renin 

Assay of renin. The solutions used have been assayed against a standard powder using the 
response of the unamcsthetised rabbit (24) The unit used is that originally proposed (24), namely 
the renin content of 100 mg of the alcohol dried, rabbit kidney powder used aB standard and not 
ns is frequently misquoted the amount of renin required to raise the blood pressure of nn 
unnnresthetiscd rabbit by a certain amount The original standard came to an end with war in 
1939 The standard used here was prepared from a large batch of rabbits’ kidneys and was 
assayed against some powders that had been standardised by the original standard and had been 
kept in the refrigerator for some eight years The unit uBed is thus ns close to the original unit 
as we could insure 

Protein content of the renin preparations The protein content of 4 of our renin preparations 
was estimated by Dr A H James using the micro Kjeldnhl method with the following results, 

46K (alcohol method) 0 04 mg N per unit noti\ lty 

49B (alcohol method) 0 07 mg N per unit activity 

49G (alcohol method) 0 04 mg N per unit activity 

49H heating method 0 03 mg N per unit nctn ity 



Fig 1 Diagram of the apparatus used for prolonged continuous infusion in the rabbit 
Method for continuous intravenous infusion 

The delivery apparatus We found the mechanically driven syringe that we tried unsuitable, 
since the motion of the plunger was discontinuous permitting reflux of blood into the venous 
canula with eientual clotting We therefore had recourse to the apparatus originally designed 
by Bum and Dale (4) which had prev lously been successfully used for short infusions in the 
rabbit The apparatus used in our experiments is shown in diagrammatic form m Fig 1 The 
four components can be autoclaved separately, and be easdv assembled with aseptic technique 
4n inverted litre conical flask (1) acts as a reservoir and is nearly filled with heavy oil * fhe 
flask is fitted with (2) a rubber bung carrying two glass tubes one to admit air is fitted with a 
wool filter, the other to transmit the'oil is joined to about 4 feet of pressure tubing The pressure 
tubing passes to (3) a thick walled glass capillary tube 4 feet long and 2 mm bore , this tube is 
bent 4 times at right a n gles as shown m the figure, and carries a rubber b un g whioh is fitted flush 

* Castrol Gear Oil was used 
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with the end of the capillary The bung fits into the top of (4) a 100 cc burette carrying a rubber 
tube terminating m a record fitting adapter , a screw clip is applied to the rubber tube An 
Andre wcs needle intervenes between the adaptor and the catheter The whole apparatus is 
carried on upright steel rods l inch in diameter and 6 feet long Four uprights can be screwed 
into a steel base place, 1 foot square and made rigid by joining with horizontal rods at their tops 
Two sets of infusion apparatus can be conveniently earned by such a system 

The catheter After experimenting with glass and polythene canulie in the ear veins we found 
that a gum-elastic ureteric catheter (size 10) tied into the external jugular vem was muoh more 
satisfactory 

Procedure for infusion The 4 components of the apparatus are stenlised by autoolavmg 
The gear oil is sterilised by heating to 100° in the reservoir flask (1) and cooled. The bung (2) is 
fitted to the flask, and the attached rubber joined to the capillary tubing (3) The reservoir and 
glass tubing are now clamped to the steel uprights Air under 100 mm Hg pressure is forced 
into the reservoir When oil issues from the free end of the capillary (still sterile and enclosed in a 
wool plugged boding tube), the rubber tubing is clamped and the source of air pressure discon 
nected The 100 cc burette is now filled with sterile saline containing 260,000 units of penicillin, 
and topped up with sterde od The boding tube surrounding the glass capilloiy being now 
remoied and the od filled tubing unclamped, the burette can be pushed onto the bung and 
clamped to the upright When saline begins to dnp from the bottom, the tube attaching adapter 
to burette is clamped and the infusion apparatus is ready 

The uretenc catheter filled with saline which is kept renewed from a 10 cc syringe is now 
inserted into one external jugular vem of a male rabbit under nembutal antesthesia The great 
and posterior auricular nerves to the left ear are cut at the same operation (subsequently, injections 
are made into and blood samples obtained from this denervated ear) The catheter is earned 
subcutaneously to the back of the neck and then is buned in the fur for half the length of the back, 
by clipping the fur and bringing the mobfle skin together over the catheter with two stitches 
The rabbit is put in a cage 14J ins by 8J ins by 8J ms , the catheter brought through the lid 
of the cage and the Andrewes needlo removed from the syringe and attached to the now freely 
dripping adapter on the burette The whole procedure of assembling the apparatus, inserting 
the catheter and attaching it to the burette must be done with stnet aseptio precautions 

When the rabbit recovers from the ontesthetie, a copper sheet on four wooden legs is inserted 
into the cage, reducing the space in winch the rabbit is free to move to little more than its bulk 
On the other side of the copper plate is an electric lamp which is lit from time to time to keep the 
animal warm enough to dilate fully the ear vessels, so that readings of arterial pressure can be 
obtained and the heart rate counted 

The height of the reservoir is adjusted so that the rate of delivery from the burette is 
approximately 4 ml per hour With such rates, the burette needs changing once every 24 hours 
This is done aaeptically by first filling the new burette with the solution to be infused, detaching 
the old burette from the capillary, and attaching the new one after flaming the bung After the 
first 24 hours, 1,000 units of heparin is added to each 100 cc of infusion m addition to the 
penicillin If heparin is added in the first 24 hours a htematoma frequently forms m the wound 
and subsequently becomes infected Clotting may occur m the catheter or m the vem This 
may be o\ercome by forcing sahne through the catheter with a syringe It may be found 
bowel er that the reservoir has to be lifted higher and higher until finally the rote cannot be\ 
maintained. In this event the only way of maintaining the experiment is to aiuesthetise the \ 
animal and insert a new catheter into another vein. 

During the experiment the animals were fed thrice daily with oats and bran and greenstuff 
In the later experiments thej were also provided with a water bottle The cages were cleaned 
each day and the animals allowed to move about freely at that time 

The arterial pressures were measured and the pulse rate counted on the central artery of the 
flushed ear of the warm animal using the capsule described by Grant and Rothschild (11) The 
values obtained by this method agree, to within a few rum.Hg , with the values of mean arterial 
pressure obtained by a mercury manometer from a canula in the femoral artery , this corre 
spondence holds also during the rise of pressure produced by rerun (24) 

The response to a single intravenous injection of renin, using 0 5 cc of a solution made by 
extracting 1 g of our standard powder with 10 ml of saline for 24 hours, was tested during the 
infusion of renin and during the preceding and succeeding infusions of saline 

Results 

1 Sahne Infusions 

Rout animals received saline infusions continuously for 10 to 14 days 
Cultures from the burettes remained sterile m each case These infusions 
contained the same amounts of heparin and penicillin as did the renm 
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infusions, were given m precisely the same way and at the same rate They 
thus served as controls to show the changes produced by the experimental 
procedure without the administration of renin An example is shown in 
Fig 2, winch records the average of all the readings of arterial pressure on 



Fig 2 Records the average arterial pressure foreachof 15 doya during which rabbit 549reeened 
an infusion of saline at 4 ml per hour The black lines at the bottom show the sizes of the 
responses to a single intravenous injection of 0 6 unit renin 


any particular day, and the responses to mtravenouB injection of 0 6 unit 
of renm on alternate days In this experiment, there v as a shght tendency 
for the arterial pressure to fall In the remaining animals no such tendency 
could be made out , the daily average of arterial pressure varied irregularly 
over a range of up to 12 mm , but showed no systematic trend In no annnals 
waB there any evidence of a rising pressure In the experiment illustrated, 
the response to a single injection of renin, though variable, showed no 
systematic change All these animals remained well, eating avidly and 
movmg actively about their cage whenever opportunity offered In spite 
of this, some of our annuals lost weight 


2 Renm infusions 

Each ammal was given saline for one or two days before the renin 
infusion, and in most animals this was repeated for one or two days after 
renm was stopped It has been mentioned already that in our earlier 
experiments with renm infusions, the animals after one or two days became 
listless and lost their appetite, and after a day or two died In these animals 
hypertension, present initially, declined with the first signs of illness and was 
often totally abohshed before the animals died This illness, and its effect 
on the response to renm, was traced to growth of microbes (chiefly E Coh 
and relatives) in the burettes , rerun being a protein provides an excellent 
culture medium When a satisfactory aseptic technique had been put inter 
practice, we had no further trouble, except with one preparation made by\ 




Before the reduotion of renal substance, the arterial pressure averaged 70 mm Hg m 506, 06 m 683 and 08 m 585 Tho infusions 
were begun 8 days in 6 07, 22 days in 500, 28 days m 583, and 31 days in 685 after amputating the pole of the second kidney 
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the alcohol method which became heavily mfeoted at an advanced stage of 
purification and which contained a toxin not separated from renin by 
ammonium sulphate precipitation and dialysis 

With the remaining 9 preparations of renin, the animals remained 
lively, ate avidly, and m general seemed in good health Most of our animals 
lost weight, but some of this may have been due to inadequate feeding or 
dehydration, as in the earlier experiments we relied on the fluid given by 
burette and contained in the food , m the later experiments water was 
given freely and the loss of weight was less Although we did not systema- 
tically collect clean urine samples, those specimens we did obtain during 
the infusions contained protein 

Fifteen infusions were carried out on 14 rabbits with 0 preparations of 
renin, 7 obtained by the alcohol, 2 by the heating method The results are 
summarised m Table I The previous experience of Hill and Pickering 
had shown the importance of dosage m determining whether or not 
hypertension is maintained with constant infusions of renin It was therefore 
our practice to begin with doses of the order of 0 5 to 1 0 unit per hour, then 
to increase until a satisfactory hypertension rvas obtained, or to study the 
effeots of varying dosage In each animal the pressure rose within a few 
minutes of the estimated entry of renin into the vein and, as Hill and 


TABLE II 

Shows the changes of arlenal pressure during an infusion of remn over several days at rates 
showing relatively small variations 



Infusion at relatively constant rate 

Total 
' duration 
infusion 
days 

Final 
base line 
compared with 
initial 

Animal 

duration 

dayB 

Range of dose 
unite/hour 

Trend of 

BP 

654 j 

t 

0 

I 4 to 1 8 

Slight fall 1 

7 

Fall 

661 

12} 

I 6 to 2 3 

Steady 

17 

No change 

600 

4 

0 0 to 1 1 

Slight rise 

7 

Fall 

600 (2)* 

8 

1 6 to 30 

Variable with j 
doee 

16 

No change 

660 

4 

00 to 1 0 

No change 

13 

No change 

609 (1)* 

4 

0 9 to I 0 

No change 

11 i 

No change 

507 

0} 

; 1 5 to 3 0 

No change 
j Vanes with dose 

u : 

— 

016 

4t 

1 7 to 2 7 

No change 

9 

Fall 

600 

*t 

0 8 to 1 5 

No change 

7 

No change 

662 

n 

1 1 to I 0 

Steady 

1 

j 18 

Slight fall 


* 5G9 (1) Intact animal. 

(2) after left nephrectomy 
t Benin prepared by heating method 
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Pickenng (14) found, often rose temporarily to a height a little above that 
ultimately sustained In each case the pressure remained raised till the 
infusion of renin was terminated C to 18 days later With sahne for 2 days 
before and 2 or 3 days after the renin, this made our longest continuous 



Fig 3 Rabbit 654 ShowB the daily average arterial pressure produced by an mfuBion of 
renin at a relatively constant rate for 7 dayB The responses to a single intravenous 
injection of 0 6 unit renin are shown in the bottom of the figure 



DAV5 


Fig 4 Rabbit 661, shows the daily average arterial pressure during an infusion of renin lasting 
17 days During the first part of the infusion the dose was kept relatively constant, during 
the later part it was increased Details of the fall of pressure after stopping ream in this 
rabbit are given m Fig 11 


infusion 24 days Only three factors prevented the infusion being maintained 
longer , thrombosis of veins, supply of renin and the time that each experi- 
ment demands of the worker 
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The effect of a constant dose of renin In 10 experiments on 9 annuals, 
the dose iras kept within relatively narrow limits for 4 days or longer Table II 
summarises and Figs 3 and 4 and 5 illustrate the lesults obtained in these 
animals It has already been mentioned that m animals receiving infusions 
of salme the arterial pressure fluctuates, the mean values obtained for eaoli 
day varying by as much as 12 mm Hg , though in some animals the fluctua- 
tions are much less Inspection of the figures obtained in the 10 experiments 



DAYS 


Fig 5 Rabbit G(U Shows the doily average pressure during an infusion of renin lasting 
18 dayB 

in which renm dosage was maintained relatively constant shows a definite 
tendency towards a fall m one animal, towards a rise m another, while m 
7 animals the levels fluctuated within the 12 mm limit established m the 
controls but showing no definite trend up or down , m the two animals 
whose dosage showed the greatest fluctuation the level of blood pressure 
varied with dose outside these limits In the two animals receiving 
relatively constant dosage for the longest periods there was more definite 
evidence that the level of hypertension did not change with time In 
rabbit 601 m which dosage ranged only from 1 6 to 2 3 units per hour for 
10 consecutive days, and was in the same range on the 12th and part of the 
13th and 14th days, the regression line of arterial blood pressure relative to 
time was calculated and was found to have a negligible slope relative to the 
tune axis or base hne In rabbit 602, after 3 days salme, the dose of renm 
w r as kept between 0 86 and 1 0 units per hour from the 4th to the 13th day, 
then raised as high as 9 26 units per hour and again lowered to 1 5 units 
on the 20th day, saline bemg substituted on the 22nd day and the animal 
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killed on the 24th day The constancy of the pressure for a given dose is 
well illustrated m this animal The dose was 1 1 to 1 2 units per hour on 
4 days, the 6th, the 10th, the 13th and the 21st , on those days the average 
artenal pressures were 86, 87, 86, and 89 mm Hg 

We conclude therefore that when renm enters the veins of the rabbit at 
a constant rate of the order of 1 to 3 units per hour, the hypertension produced 
is also constant and shows no fixed trend up or down, at least over periods 
of the order of 17 days, and except for the rather high figures m the first 
few hours of infusion 



RABBIT 557 DA y 5 

Fig 6 Rabbit 659 Shows the daily aierage pressure dunng an infusion of renm lasting 16 
days In this rabbit the dose of renm was increased stepwise and decreased stepwise The 
dose response curve is shown in Figs 6 and 8 The responses to a single intravenous injection 
of 0 6 units renm are also shown. 

The effect of varying the dose In 11 experiments the dose was varied 
fourfold or more, not by varying the rate of infusion but by varying the 
concentration of renm m the solution infused The minimum rate of remn 
dosage used was 0 5 and the maximum 16 6 unit per hour In some of the 
experiments the rate of renin infusion was increased to high levels dunng 
the latter part of the expenment (Figs 4 and 6) In others the rate was 
kept approximately constant for one to two days at a time and increased 
stepwise towards a maximum, and then decreased in a similar manner 
An example is shown in Fig 6, which illustrates the extreme hmits of dosage 
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investigated These figures all show that equal increments of dosage are 
associated noth progressively smaller increment of arterial pressure There 
seems to be a hnut above which it has proved impossible to push the pressure 
by increasing the dose of renin In fact m the experiment illustrated m 
Fig 0, the arterial pressure with the largest dose was belou the maximum 
reached, and at this point as will be seen from the figure the response to a 
single intravenous injection of renin was suppressed 



Fig 7 Kabbit 659 Shown the relationship between the height of the blood pressure and the 
rate of dosage of ream infused Solid circles values on the curie of ascending dosage, open 
circles values on the curve of descending dosage 



h ig 8 Itobbit 509 Dose response curve as in Fig 0 Note the difference between the i alues 
on curve of ascending dose (solid circles) and descending dose (open circles) 

The relationship between dose and response may be considered m more 
detail m rabbits 559 (Figs 0, 7 and 9) and 569 (Figs 8 and 10) In each of 
these rabbits very large numbers of readings of arterial pressure were made 
and the corresponding rates of infusion carefully measured In Figs 7 and 8 
each point represents the average of at least 10 determinations of arterial 
pressure made consecutively over a period of 5 minutes or more The 
points obtained on the curve of increasing dosage (sobd circles) are shown 
separately from those on the curve of decreasing dosage (open circles) 
Fig 7 shows m a striking way what had been suspected from Fig 6, namely 
that the blood pressure rise in response to increasing doses of rernn gradually 
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reaches a ceiling, and that with the highest dosages of 16 5 units the response 
is actually less than it was at 8 units per hour Pig 8 shows a similar 
relationship except that the rate did not rise so high and no reduction m 
response was seen at the highest dosage In Fig 7 points obtained on the 



REMIH UNITS PER HOUR 

Fig 0 Babbit 650 Besponse plotted against dose on a Joganthmio scale 

dosage There is no difference in response when dose is increasing and when 
it is decreasing In Pig 8 on the other hand all the points obtained on the 
downward curve of dosage he significantly below those obtained on the 
upward curve, and the final base line lies below the initial We cannot be 
sure of the explanation of this difference It is not a property of a particular 



Fig 10 Babbit 509 Besponse plotted against dose expressed on a logarithmic scale The 
solid circles are the values obtamed on the curve of ascending dosage, m the first experiment 
■when the animal had two kidneys The open circles are the values obtamed on the curve of 
ascending dose in the second experiment after removal of a kidney 

animal for m 569 one kidney was removed and the response to increasing 
and decreasing dosages agam investigated No difference between the 
ascending and descending curves was noted on this occasion The pheno- 
menon of the lowering of the base hne after renin infusions will be discussed 
later (p 236) 
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In Fig 9 and 10, the arterial pressure is plotted against dose expressed 
on a logarithmic scale In these figures the points have been obtained from 
the curves of increasing dosage in Figs 7 and 8, by averaging all the values 
for arterial pressure corresponding to a given dose Thus each of the points 
in Figs 9 and 10 represents at least 20, and usually upwards of 60 readings of 
arterial pressure By taking these large numbers we have hoped to eliminate 
some unavoidable factors which might, by their variable effects on arterial 
pressure, tend to obsoure any relationslup between dose and response In 
Fig 9 the relationship between response and the dose plotted logarithmically 
is essentially linear, with the str ikin g exception of the value for the highest 
dose In Fig 10 the relationship is also linear This figure also contains 
the pomts similarly obtained for the second experiment on the same rabbit 
after unilateral nephrectomy The same linear arrangement is evident 
m the second experiment, with the possible exception of the values for the 
highest dose then used 


of 



RABBIT 615 

Fig 11 SummonBes the data m rabbit 615 In this rabbit the renin was prepared differently 
The hypertension is maintained, but the form of the dose response curve is not clear, possiblj 
due to the small range investigated or to the change in base line following the infusion. 

In 6 other animals, 661, 562, 566, 667 and 699, the relationship between 
dose and response was investigated carefully though not quite as fully as 
m the two ammals oited, and was found also to approximate to a logarithmic 
curve All the rerun preparations used m these experiments were made by 
the alcohol method In the other experiments the relationship between 
dose and response has been less definite In some of these, the observations 
on arterial pressure were not numerous enough to exclude the influence of 
extraneous factors, but m others it seems extremely probable that a shifting 
base line may provide the explanation Fig 11 records such an experiment 
using a preparation made by the heatmg method Renin infusion was 
interrupted twice, the first time accidentally because the rabbit bit through 
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its catheter and, finally, by intention The base hne was progressively 
depressed on each occasion It wifi be seen that it is questionable here 
whether the dose response curve is linear or logarithmic, a result that might 
be anticipated with a base line that is so variable 

There have been very few previous studies of the relationship between 
the dose of renin and the response The work reported here is m agreement 
with that of Pickering and Prinzmetal (24) who found that m the 
unansesthetised rabbit the rise of pressure after a single intravenous injection 
was proportional to the logarithm of the dose On the other hand Swingle and 
others (30) found a hnear relationship between dose and response in the 
anaesthetised dog, but they investigated only a small range of dosage 

The effect of terminating the infusion of renin In all the experiments 
except two, renin was replaced by saline for one or two days and a second 
base hne obtained Prom Table I it may be seen that the base line after 
renin was never higher than it had been before In 7 experiments the second 
base hne was within 6 mm of the first, in 2 within 6-9 mm and in 2 within 
10-20 mm , in 2 it was more than 20 mm lower than the first Some of 
this fall in base hne may be attributed to the circumstances of the experiment, 
perhaps to the animal becoming accustomed to its surroundings But 
in the four control experiments using saline alone, the average of the 
readings obtained m the last 2 days, though always lower than the average 
of the first 2 days, never differed by more than 0 mm Hg The large 
differences therefore seem to have been due to the effects of renin The 
three largest falls occurred with two preparations of renm, and two of the 
three m animals whose kidney substance had been reduced Nevertheless 
we cannot at present attribute this fall to any single proven factor After 
infusions of synthetic 1-adrenaline and d-1 noradrenaline, the fall of the 

TABLE HI 


Shows the rate at which the pressure falls to its base hne after terminating rent n infusions 


Babbit 

Duration 

of 

hyper 

tension 

days 

At end of 
renin infusion 

i After renin terminated 

Lowest 

BE 

reached 
•mm TTg 

Base 

hne 

mm.TTg 

Tune to | 
fall to 
base 
hr 

Base line 
before 
renm 
mmflg 

Bate 

renin 

units/hour 

BT 

rom.H’g 

561 

17 

5 

101 

33 

67 

ii 

67 

569 

15 

10 

80 

43 

67 

3} 

01 

654 

m 

1 8 

83 

60 

03 

3 

69 

662 

I I 

2 1 

98 

64 

64 

4 

08 

669 

B 1 

0 8 

73 

53 

66 

5 to 20 

57 

585 

B 

2-0 

96 

66 

67 

2 

78 
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base bne of arterial pressure is more striking and more constant than after 
renm, and seems to be due to the release of a vasodilator substance or 
substances from the tissues in response to the prolonged action of the 
vasoconstuctor drugs The same explanation may hold for renin, but the 
inconstancy of the phenomenon makes interpretation difficult 

The time relations of the fall of pressure after stopping renm have been 
carefully investigated in 0 experiments, the results of which are summarised 
m Table III, and illustrated m Fig 12 In all these animals the arterial 
pressure began to decline soon after stopping the ream and had reached the 
final base line in from 1} to over 5 hours In two animals the pressure fell 
to a very low value and subsequently rose to level off at its final base hne 
This phenomenon is not peculiar to renm, and has been frequently seen 
after adrenaline and noradrenaline infusions, where the fall of pressure is 
more rapid It is evidently due to a vasodilator mechanism evoked by the 
pressor substance and persisting after it, but whether this is nervous or 
chemical we do not know 


RENIN 
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• • 
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TIME HOURS 
RABBIT 56! TQ SHOW FALL IN EP 

Fig 12 Shows the fall of arterial pressure after terminating the infusion in rnbbit 561 (Fig 4 ) 
Tho time scale is interrupted between 6 and 23 hours 


Papers from this laboratory have previously drawn attention to the 
similarity m the rate at which the pressure falls to normal after stopping an 
infusion of renm lastmg 4 hours and after removing a single remaining 
kidney, lscktemic for one week The observations here described provide 
more suitable data for this comparison, and show very much the same rate of 
dechne of arterial pressure as did the shorter infusions It has also been 
previously observed that when the sole kidney has been ischamnc for periods 



238 BLACKET, DEPOORTER, PICKERING, SELLERS AND WILSON 


of 2 months or more, its removal is not followed by a decline in arterial 
pressure within 3 days Unfortunately we have not maintained re nin 
infusions for this length of time and can only report that after our longest 
infusions of 17 and 18 days duration, the time taken for the arterial pressure 
to reach its base line, was not prolonged 

The pulse rate during renin hypertension Neither rerun nor hypertensm 
seem to have any conspicuous action on the isolated heart (21, 32) It 
would be anticipated therefore that the hypertension induced by renm 
would stimulate the carotid sinus and depressor reflexes with resultant slowing 
of the heart and vasodilatation With a smgle intravenous injection of 



FUSE RATE 

RABBIT 561 

Fig 13 Summarises the simultaneous readings of pulse rate and blood pressure during renin 
infusion m rabbit G61 

rerun or hypertensm, conspicuous slowing of the heart is seen Fig 13 
shows the pulse rates and their corresponding blood pressure observed 
during an infusion of saline for 5 days and renin for 17 days As will be 
seen there is no relationship between pulse rate and blood pressure It is 
evident that m these experiments the heart rate was oluefly influenced by 
factors other than the arterial pressure 

The response to a single intravenous injection of renm during the infusion 
Taggart and Drury (31) found that when hypertension was produced by a 
short infusion of renin, the response to a smgle injection of renm was reduced 
They related this to the dose response curve described by Pickering and 
Prinzmetal (24) We have seen that during long infusions, response is 
related to the logarithm of the dose , and during these infusions reduction in 
the response to a smgle injection of renin is also to be expected The 
response has been tested in 7 animals and the results are shown m Fig 14 
The renin used for testing was a crude preparation made by extracting 1 g 
of our standard powder with 10 ml saline 4 ml was injected into a vem of 
the denervated ear and the response measured during the initial and final 
sahne infusion and during the renin infusion itself It will be seen that the 
response to renm is reduced during the hypertension 
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This reduction is precisely vhat would be expected from the dose 
response curve But it is important that it should be established, for as 
Taggart and Drury pointed out and others have confirmed, the response to 
renin is not diminished in the animal with hypertension produced by 
constriction of the renal arteries, except m the early stages, and then not 
greatly (23) 


to 

o 

a. 

to 



oz 53 & 59 W 67 

RABBIT 

• RESPONSE DURING SALINE INFUSION 
o RENIN 

Fig 14 Summarises the responses to intravenous injection of 0 5 unit renin in 8 rabbits during 
sahne and renrn. infusions 


The effect of reducing the Kidney substance One rabbit, 569, was given 
an infusion of sahne for 2 days, renin for 15 days and sahne for 5 days, after 
which the catheter was removed and the right kidney was excised under 
nembutal amesthesia A week later the catheter was inserted m the other 
jugular vein and an infusion was given of sahne for 2 days, renin for 14 days, 
and sahne for one day As already mentioned, m the first experiment on 
this rabbit, the responses to a given dose of renin were larger on ascending 
than on descending dosage In the second experiment no such difference 
was observed Big 10 compares the responses on the curve of ascending 
doses m the two experiments They are identical within the limits of 
variation We may therefore conclude that removing one kidney does not 
alter the rabbits’ behaviour to the continuous entry of rerun into the 
circulation 

In 4 animals the right kidney was removed, and 10 days or more later 
about one-third of the remaining kidney was amputated, haemorrhage from 
the cut surface being arrested by a seaweed preparation and hght retaining 
stitches This procedure was usually followed by a transient hypertension 
and rise of blood urea lasting up to 6 weeks Benin infusions were begun 
8 days (507), 22 days (560), 28 days (58 3) and 31 days (585) after the renal 
amputation Table IV compares the responses found m these rabbits with 
those obtained m mtact rabbits No systematic difference is apparent , 
there may be some tendency for the rabbits with reduced kidney substance 
to be less sensitive than those with normal kidneys 
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TABLE IV 

Compares the rises of pressure (in mm Hg ) above the initial base line produced by different 
rates of renin infusion m rabbits with normal and grossly reduced renal substance 


Rise of pressure above baBe line m mm .Hg 


xvenin 

dose 

Animals with 2 kidneys 

Animals with f kidney 

umts/hr 

660 

669 

661 

562 

666 

667 

683* 

685* 

0 - 0 5 

10 


— 







— 



0 6 - 0 75 

12 

16 

— 

— 

— 

— 

— 

— 

0 76- 1 0 

17 

24 

23 

17 

19 

— 

— 

— 

10-15 

— 

— 

33 

21 

— 

11 

19 

21 

16-20 

— 


35 

28 

— 

11 

— 

22 

2 0-26 

27 

1 1 

34 

29 

— 

22 

— 

29 

2 6-30 

— 


— 

— 

— 

— 

— 

— 

30-40 

— 


— 

— 

37 

32 

24 

— 

40-60 

31 


42 

26 

37 

— 

— 

— 

60-80 

— 


— 

— 

— 

29 

24 

— 

8 0 -10 0 

37 


— 

36 

— 

30 

— 

— 

10 0 plus 

28 

46 

— 

— 

— 

38 

— 

— 

Blood urea — 

At beginning 

68 

41 

36 

34 

70 

47 

43 

32 

At end 

45 

61 

55 

42 

165 

186 

50 

46 


* Blood pressure readings less numerous and figure less reliable 


It has been known since the observations of Tigerstedt and Bergman (32) 
that nephrectomy increases the response to rerun Houssay, Braun- 
Menendez and Dexter (15) found that the survival of injected renm m the 
circulating blood was progressively greater with the lapse of time following 
nephrectomy Govaerts (9) observed m the nephrectomised dog a similar 
progressive increase m pressor response to the blood from another dog’s 
kidney interposed m oross circulation It seems probable therefore that 
increased sensitivity to rerun develops only gradually after complete 
nephrectomy Our finding that reduction of renal substance to the point 
of producing hypertension and urea retention does not mcrease the sensitivity 
to infusions of renm is thus not m conflict with earher facts 

It has been alleged that a normal kidney protects an ammal against 
the hypertension resulting from renal ischaemia and that this is due either 
to the kidney secreting an antagonist to, or itself destroying, the hypertensive 
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secretion of its iseluemic fellow Tins idea which is fully discussed by 
Braun-Menendez and others (3) is how ever meagrely supported by evidence 
It rests chiefly 7 on the fact that when one renal artery is constricted, removing 
the other kidney increases the hypertension As pointed out in an earlier 
publication (25), this fact is equally open to the interpretation that removing 
the normal kidney alters the ratio between blood supply and demand in its 
iseluemic fellow and so increases the stimulus to the release of the hypertensive 
agent 


Discussion 

Before discussing the impbcations of this work two possible sources of 
error must be noted The most important is that our renin was not chemically 
pure Wo refined our renin by two very different methods in the hope that if 
our results were m any way altered by an impurity, this might be demon- 
strated No such discrepancy w as found and m fact nothing m our experi- 
ments has led us to believe that the results we have described m this paper are 
due to anything but renin * Nevertheless the experiments should bo repeated 
with pure renin where this is available The second possible source of error is 
the measurement of arterial pressure When precautions are taken, as they 
were here, to keep the car artery dilated, Grant and Rothschild (11) showed 
that the pressure recorded by their capsule closely follows mean femoral 
artery pressure , this was confirmed and extended to the rise of pressure 
produced by renin (25), and we have extended it also to the hypertension 
produced by noradrenaline infusions (1) The arterial pressures recorded 
m this paper thus probably 7 approximate closely to mean femoral artery 
pressure, and should demonstrate any changes in this value 

The results described are of chief interest m relation to the general 
function of renin in the body and its possible role m hypertension Renin, 
or its precursor, is a normal constituent of the renal cortex and seems to be 
released into the renal vein blood when the sy stemic arterial pressure falls 
(10, 2S) It is evident from the experiments described in tins paper that 
its release into the blood at a constant rate oi er a period of many days 
produces a relatively constant and stable alteration of the circulation , 
its release at increasing rates intensifies the changes, but in so far os the 
blood pressure reflects them, to a progressively diminishing degree In 
the constancy of the circulatory change over long periods, renin contrasts 
sharply with noradrenaline and perhaps adrenaline 


* We hove wondered whether the lowering of the final, os compared with the initial, base line 
which occurs m only some experiments mav be due to the effect of impurities that are present to a 
significant extent in some renin preparations but not in others Tliis explanation mav prove to 
be correct, but is open to the objection that an eicn more constant fall of final base line is seen 
when infusions of pure adrenaline and noradrenaline are given. 
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TABLE IV 


Comparts the nets of pressure (in mm Hg ) above the tnthal base line produced by different 
rates of renin infusion in rabbits with normal and grossly reduced renal substance 


Benin 

dose 


Bise of pressure above base line m mmJHg 


Animals with 2 kidneys 

Animals with f kidney 

units/hr 

666 

669 

661 

662 

666 

667 

683* 

686* 

0 - 0 6 

10 





. 

Pft 

Egg 



0 5 - 0 76 

12 

16 

— 

— 

— 



— 

0 76- 10 

17 

24 

23 

17 

19 

1 

1 : 

— 

10-16 

— 

— 

33 

21 




21 

16-20 

— 

24 

36 

28 

— 


1 

22 

20-26 

27 

— 

34 

29 

— 

22 

1 

29 

26-30 

— 

— 

— 

— 

— 

— 

1 | 

— 

3 0-40 

— 

— 

— 

— 

37 

32 

24 

— 

40-60 

31 

36 

42 

26 

37 

— 

— 

— 

60-80 

— 

43 


— 

— 

29 

24 

— 

8 0 -10 0 

37 

— 

— 

36 

— 

30 

— 

— 

10 0 plus 

28 

46 

— 

— 

— 

38 

— 

— 

Blood urea — 

At beginning 

68 

41 

36 



47 

43 

32 

At end 

45 

61 

66 



186 

60 

46 


* Blood pressure readings less numerous and figure less reliable 


It has been known since the observations of Trgerstedt and Bergman (32) 
that nephrectomy increases the response to renin Houssay, Braun- 
Menendez and Dexter (15) found that the survival of injected rerun m the 
circulating blood was progressively greater with the lapse of time following 
nephrectomy Govaerts (9) observed m the nephrectomised dog a similar 
progressive increase m pressor response to the blood from another dog’s 
kidney interposed in cross circulation It seems probable therefore that 
increased sensitivity to rerun develops only gradually after complete 
nephrectomy Our finding that reduction of renal substance to the point 
of producing hypertension and urea retention does not increase the sensitivity 
to infusions of renin is thus not m conflict with earlier facts 

It has been alleged that a normal kidney protects an animal against 
the hypertension resulting from renal ischeemia and that this is due either 
to the kidney secreting an antagonist to, or itself destroying, the hypertensive 
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secretion of its ischremic fellow Tins idea which is fully discussed by 
Braun-Menendez and others (3) is how ever meagrely supported by evidence 
It rests chiefly on the fact that when one renal artery is constricted, removing 
the other kidney increases the hypertension As pointed out m an earher 
publication (25), tins fact is equally open to the interpretation that removing 
the normal kidney alters the ratio between blood supply and demand m its 
ischaemic fellow and so increases the stimulus to the release of tho hypertensive 
agent 


Discusston 

Before discussing the implications of tins work two possible sources of 
error must be noted The most important is that our renin was not chemically 
pure We refined our renin by two very different methods m the hope that if 
our results were in any nay altered by an impurity, this might be demon- 
strated No such discrepancy w as found and in fact notlung m our experi- 
ments has led us to believe that the results we have descnbed in this paper are 
due to anything but renm * Nevertheless the experiments should be repeated 
with pure renm where tins is available The second possible source of error is 
the measurement of arterial pressure When precautions are taken, as they 
were here, to keep the ear artery dilated, Grant and Rothschild (11) showed 
that the pressure recorded by their capsule close!}' follows mean femoral 
artery pressure , this was confirmed and extended to the rise of pressure 
produced by renm (25), and we have extended it also to the hypertension 
produced by noradrenaline infusions (1) The arterial pressures recorded 
m this paper thus probably approximate closely to mean femoral artery 
pressure, and should demonstrate any changes in this value 

The results described are of chief interest m relation to the general 
function of renin m the body and its possible role m hypertension Renm, 
or its precursor, is a normal constituent of the renal cortex and seems to be 
released into the renal vein blood when the s}stemic arterial pressure falls 
(10, 28) It is evident from the experiments described in tins paper that 
its release into the blood at a constant rate over a period of many days 
produces a relatively constant and stable alteration of the circulation , 
its release at increasing rates intensifies the changes, but in so far as the 
blood pressure reflects them, to a progressively diminishing degree In 
the constancy of the circulatory change over long periods, renin contrasts 
sharply with noradrenaline and perhaps adrenaline 


* We have wondered whether the lowering of the fina l, as compared with the initial base Ime 
which occurs m only some experiments may be due to the effect of impurities tliat are present to 8 
significant extent in some renin preparations but not m others This explanation may prove to 
be correct, but is open to the objection that on even more constant fall of final base line is seen 
when infusions of pure adrenaline and noradrenaline are given. 
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These observations also show that the hypothesis that a maintained 
hypertension can be produced by the constant release of renm mto a vein 
is perfectly tenable It is to be noted that our animals looked well, behaved 
normally, showed no disturbance in any bodily function obvious to the eye, 
and showed no macroscopic abnormalities when dissected after death 
They also resembled animals with renal artery hypertension m the normal 
macroscopic appearance of the ear vessels 

One of Taggart and Drury’s (31) mam criticisms of the renm hypothesis 
was that in their rabbits infusion of renm failed to raise the arterial pressure 
by more than 30 mm Hg , while renal artery constriction could take it 40 
mm higher We too have been impressed with this difference In none of 
our intact animals were we able to raise the arterial pressure by more than 
40-50 mm Hg by infusion of renm The maximum rise was remarkably 
constant in spite of variations m the response to a single small dose Intact 
animals are, however, not necessarily comparable to animals m whioh one 
kidney has been removed and the function of the other disturbed by 
constricting the renal artery It was for this reason that we investigated 
the effect on the response to infused renm of reducing kidney substance to a 
degree that would produce hypertension and urea retention As haB been 

TABLE V 


Distribution of hypertension in rabbits with conslnclton of the renal artery of different duration 
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arteries (a) within the first two weeks and (b) after 2 months or more This 
Table comprises the data from all the relevant animals contained m the 
Tables of two earlier publications (23, 26) It will be seen that the degree of 
hypertension found m the rabbit with renal artery constriction of up to tv o 
weeks duration can be easily matched by renin infusions of the same duration 
To match the higher levels infusions at a rate of 4 units per hour would be 
required Pickering, Prinzmetal and Kelsall (26) found that the average 
renm content of the sole ischsemic kidney in 8 animals with hypertension of 2 
to 8 days duration was 32 units It is clear therefore that to produce the 
order of hypertension observed the whole renin content of the kidney would 
need to be discharged and reformed about once every 8 hours, by no means 
an impossibility 

11 we accept the diodone clearance as measuring renal plasma flow, 
and assume that the blood flow of a smgle remaining kidney with artery 
clamped is about half of that of a pair of normal kidneys, then we find that 
4 units of rerun would be released in one hour into about 1 1 litres of blood * 
It is the present praotice to look for renin m renal venous blood If all the 
rerun released into the renal vein is destroyed by the time it gets back to the 
kidney, then the concentration of renm should be of the order of 0 0027 
units per ml m the renal vem blood It ib doubtful whether many of the 
methods of assay at present available would detect this If on the other 
hand the rerun is not destroyed so quickly in blood, and the evidence is in 
this sense (16, 26), it may accumulate to much higher levels , but if so there 
seems httle point m obtaining renal vem blood for assay, particularly u hen 
as Govaerts and Vemiory (10) have pointed out altering the circulatory 
condition in the kidney may itself favour the release of renin 

The last pomt to notice in comparing rerun and renal artery hypertension 
is that the tunes taken for the arterial pressure to regain its base line after 
excising the sole iscluemic kidney and after stopping an infusion of rerun are 
similar, provided the hypertension has lasted less than 14 days When, 
however, the levels of hypertension reached with renal artery constriction 
lasting 2 months or more are considered, it is clear that the figures are 
of a different order from those produced by infusions of renm lasting up 
to 18 days In this sense our conclusions agree with those of Taggart 
and Drury (31) It is evident that some new factor has intervened m 
this chrome hypertension, and, while cardiovascular hypertrophy may 
have altered the sensitivity to renm and thus the le\els of hypertension 
reached, this will not account for the failure of the arterial pressure to fall 
when the sole ischsemic kidney is excised In 1Q3S Hessel (13) reported 
briefly some experiments on rabbits which, it seemed, might throw light on 
this phenomenon He stated that when 4 to 6 strongh pressor doses of 

* A representative figure for diodone clearance is 35 mb per min. (17), and for baunatoent 
30%, giving a renal blood flow of 50 ml per mm or 1£ litres per hour 




244 BLACKET, DEPOORTER, PICKERING, SELLERS AND WILSON 


rerun, or an intravenous infusion, lasting several hours, were given daily, 
the arterial pressure eventually remained high 12 hours after the last renm 
injection and finally remained raised for months after ceasing injections 
entirely In the example cited the animal had a pressure of 75 mm during 
the preliminary period, 90 mm after the first and 105 mm after the fifth and 
final week of injections , its pressure remained between 110 and 126 mm Hg 
m the subsequent 7 months Our experiments have not lasted so long, 
but even after 18 days continuous infusion no tendency was observed for 
the pressure to be raised after the rerun was discontinued 


Summary 

1 A method has been devised for infusing sterile solutions of known 
composition into the jugular vem of the unansesthetised rabbit for periods 
up to 23 days 

2 Provided asepsis is absolute, continuous infusions of rerun lasting 
up to 18 days produce hypertension that is maintained, and the animals 
remain in good condition 

3 Within the lower range of dosage tested, a constant intravenous 
dose of rerun produces a relatively constant hypertension at least for periods 
of the order of 10 days 

4 Equal increments m the dose of renm produoe progressively smaller 
increments m the degree of hypertension With the highest rates of dosage 
tested, the degree of hypertension tends to fall and the response to injected 
rerun is suppressed 

6 The relationship between the rise of arterial pressure and the 
logarithm of the dose is approximately linear, except with very lugh doses 

6 No alteration was detected m the response to remn infusions by 
removing one and one third kidneys 

7 The degree of hypertension produced in the rabbit by renal artery 
constriction lastmg up to 2 weeks is comparable with that produced by 
renm infusions of similar duration Hypertension comparable to that 
produced by renal artery constriction lastmg 2 months or more was not 
obtained by rerun infusions of much shorter duration 

8 The times taken for the arterial pressure to regain its base fine 
after excismg the sole ischemic kidney and after stopping a rerun infusion 
are similar provided the duration of hypertension is of the order of 2 weeks 

9 The observations are compatible with the hypothesis that hyper- 
tension following renal artery constriction is due to the release of remn into 
the renal vem at least as far as the first 2 weeks are concerned No hght is 
thrown on the problem of chrome hypertension 
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THE EFFECTS OF PROLONGED INFUSIONS OF 
NORADRENALINE AND ADRENALINE ON THE ARTERIAL 
PRESSURE OF THE RABBIT 

By R B BLACKET,* G W PICKERING and G M WILSON 

Bain bridge and Trevan (1) found that infusion of adrenaline into the 
antesthetised dog produced a hypertension that was only transient and was 
followed by a depression of artenal pressure and circulatory failure This 
failure to produce maintained hypertension with adrenaline has been 
confirmed by other workers (4, 5), and particularly by Freeman and others 
(6) m unamcsthetised dogs 

Recently it lias become evident that noradrenaline is probably as 
important as adrenaline m the phj r siology of the circulation (2) Moreover 
its constrictor rather than dilator action on muscle, its relativel}' slight 
effect on cardiac output (8) and the poverty of symptoms when it is infused 
intravenously m man (2) make its role m hypertension much more likely 

A method has recently been described from tlus laboratory (3) for 
infusing sterile solutions at a known rate into the external jugular vein of 
the unamcsthetised rabbit It has been shown that saline infusions at the 
rate of 4 ml per hour lasting up to 14 days produce no constant or significant 
trend in artenal pressure Renin m suitable doses produces a rise of pressure 
that is maintained up to 18 days, the longest infusion investigated In this 
paper we dcscnbe expenments to test whether noradrenaline and adrenaline 
w'ould also produce a maintained hypertension, a question particularly 
relevant to the maintained hypertension sometimes seen m pbseocbromo- 
cytoma 

Method 

The method used has been fully described m a previous paper (3) The 
infusions were made from 100 ml burettes into a ureteric gum elastic 
catheter inserted, under nembutal anesthesia, m the external jugular vein 
of brown male rabbits weighing 2 to 2 5 kg After recovery from 
anrestliesia sahne was infused for at least 2 davs and followed by the 
adrenaline or noradrenaline solution to be tested The stock adrenaline 
and noradrenaline solutions from which the dilutions in the burette were 
made were 1 1,000 solutions prepared according to the BP formula, f 

* Working with a personal grant from the Medical Research Council 

t Adrenaline or noradrenaline 0 1 g , tartnne acid 0 08 g sodium metabisulphitc 0 1 g 
sodium chloride 0 S g , water to 100 mL The noradrenaline used was synthetic d 1 noradrenaline 
presented through the court en of Dr Taintor by the Wmthrop Chemical Companv The 
i -adrenaline was a synthetic preparation supplied by Ward Blenkrosop 
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autoclaved and kept m the refrigerator m the dark Strict asepsis was 
maintained throughout and was controlled by taking cultures from the 
burettes daily at the end of each day’s run To eaoh burette was added 
250,000 units of penicillin, and (excepting the first), 1,000 units of heparin 
The infusion rate was maintained at about 4 ml per hour, so that the 100 
ml burettes needed changing about once daily Changes in dosage were 
made by varying the concentration of adrenaline or noradrenaline m the 
burette The animals were fed thrice daily with oats, bran and greenstuff, 
were given water from a bottle, and their oages were cleaned out daily 
Haemoglobin estimations were made on ear blood by a photo-electric method 
For the blood urea determinations we are indebted to Dr Roche Lynch and 
his staff 


Results 

Measurement of arterial pressure The arterial pressure was measured 
m the ear of the warm animal by Grant and Rothschild’s capsule (7) This 
method has been shown to give readings that agree well with mean femoral 
artery pressures in the anaesthetised warm animal and during the use of 
pressure produced by rerun (12) Rerun, however, has little effect on the 
size of the central artery of the ear, whereas noradrenaline produces not 
only a paling of the ground substance but a clear decrease m the diameter 
of the central artery It was first necessary, therefore, to see whether reliable 
pressures could be obtained from the ear artery under the aotion of 
noradrenaline 

Under nembutal anaesthesia, the femoral artery of a rabbit was canulated 
and the arterial pressure recorded by a mercury manometer m the usual 
way An infusion was given into an ear vein on one side and the arterial 
pressure measured by Grant and Rothschild’s capsule on the central artery 
of the other ear The animal was kept warm by a hot pad, so that the ears 
remained flushed throughout Infusions of noradrenaline of various 
strengths were given at varying rates to produce widely varying levels of 
arterial pressure 

Simultaneous readings of arterial pressure from the femoral artery 
manometer and from the ear capsule are plotted against one another m 
Fig I It will be seen that there is a fair agreement between the two values 
throughout the range tested, and it may be concluded that the capsule does 
give a valid reading of arterial pressure even when a considerable hyper- 
tension has been produced by noradrenaline 

Effects of infusions of noradrenaline Infusions of d-1 noradrenaline 
were given m 4 animals after base lines for blood pressure and pulse had 
been obtained for 3 to 6 days during infusions of saline The results are 
summarised m Table I and illustrated by Figs 2 and 3 Cultures from the 
burettes m all these animals remained sterile 
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It will be seen from the Table that maintained hypertension was 
produced m one anininl only, 500 In this animal after three days on saline, 
noradrenaline uas begun at the rate of 1 Ggg per min uhich raised the 
pressure from an average of 59 to 7G mm on the first day The highest 
pressure reached vas 88 mm on the 5th day of noradrenaline with a dose 
of 4 5 fig per nun Thereafter the pressure declined On the 7th da} 
(8 5pg per nun ) it uas difficult and on the Sth day (Sgg per min ) impossible 
to get readings of arterial pressure owing to vasoconstriction m the ear , 
the animal nas listless and not eating Noradrenaline was stopped and 



Fig 1 Babbit amcjthetiscd mth nembutal Infusion of noradrenaline left car To ebon- tbc 
readings of arterial pressure recorded simultaneous!} b} the capsule from the central artery 
of the flushed right ear, and bt n mcrcur} manometer from the femoral nrterj Closed 
circles rcodings before, open circles readings during, infusion of noradrenaline 

saline was begun, but for tbe two days during which sabne was infused, the 
animal remained too ill for readings to be obtained Postmortem 
examination showed enormous dilatation of tbe large gut with much gas 
and semi-fluid fteces The three remaining animals developed less sustained 
and less intense In pertensions All three became ill during the infusions , 
they were listless, did not eat and neglected their fur Rabbit 5SS was 
found dead the day after the noradrenaline was stopped because of illness 
Rabbit 591 recovered after saline infusion, and a second base line was 





tbbit become ill, drug discontinued 
dibit became ill, and died during infusion 
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obtained Both these animals showed gross dilatation of the terminal largo 
gut postmortem, the appearances resembling those m 590 Instead of the 
interrupted series of dry pellets with emptj gut m between, the bowel 
contained an irregular collection of small wet pellets with some mucous 
and there was gieat distension with gas Although we did not weigh the 
fieccs it was our impression that they were reduced m total amount during 
the period of noradrenaline infusion Thc\ wcic certainly more fluid than 



TIME IN DAYS 


tig J Hobbit r >91 Shows the caur-p of ort/rml pn^im (•-olid i irrh-<) nnd pul** into (oj» u 
iuxIcp) during on infusion of d! nomdroruilmp During the period Iwfun nnd nftir 
noi-ndrcruilino tlio onimnl received Milim. nt the Bamc rntc 


normal and decreased m bulk Tlius m normal rabbits the nterige \ ohmic 
of n pellet was 0 {5 ml , m G14 on a do*-e of 10 gg noradrenaline per mill 
the aaernge aolume was 0 2G ml 

Figs 2 nnd 3 show the behaviour of jiuhe rate and blood procure m 
Rabbits 5‘U and G14 Both of these animals had an initial ri c c of procure 
that wa' not maintained Both show a era clenrh that noradrenaline 
hypertension is accompanied hi, bradaeardia nnd Hint a profound depression 
of arterial procure supervenes within a few minutes of terminating tlm 
infusion 




Summarises the data from animals receiving continuous infusions of adrenaline and noradrenaline The initial and 
final base lines represent the average pressures for at least two days preceding and succeeding the adrenaline or noradrenaline 
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obtained Both these animals showed gross dilatation of the terminal large 
gut postmortem, the appearances resembhng those m 690 Instead of the 
interrupted series of dry pellets with empty gut in between, the bowel 
contained an irregular collection of small wet pellets with some mucous 
and there was great distension with gas Although we did not neigh the 
feces it was our impression that they were reduced in total amount during 
the period of noradrenaline infusion They weie certainly more fluid than 


U1 



time in days 

Fig 2 Kabbit GDI Shows the course of nrtcrinl pressure (solid circles) nnd pulse rate (open 
ciroles) during an infusion of d I noradrenaline During the period before and after 
noradrenaline tho animal received saline at the Borne rate 

normal and decreased m bulk Thus in normal labbitb tho average volumo 
of a pellet was 0 35 ml , m 014 on a dose of 10 gg noradionahno per min 
the average volumo was 0 20 ml 

Figs 2 and 3 show tho behaviour of pulse rate and blood pressure in 
Rabbits 691 and 014 Both of these animals had an initial rise of pressure 
that was not maintained Both show very clearly that noradrenaline 
hypertension is accompanied by bradycardia, and that a profound depression 
of arterial pressure supervenes within a few minutes of terminating the 
infusion 
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In contrast to renin, noradrenaline produces a very definite paling of 
the ground tone of the ear and a diminution m size of the central artery 
when the animal is v arm and would normally have flushed ears The 
temperature of the ear in such circumstances is much reduced We have 
made no microscopical investigations but we would suspect from this that 
the artenolovenous anastomoses are closed by noradrenaline 

Adreiwlme Only one ammal received 1-adrenaline, m doBes of from 
1 to 1 0 (xg per mm for 4 days The greatest rise of arterial pressure was 



TIME IN DAYS 

Fig 3 Rabbit 014 Shown arterial pressure (solid circles), pulse rate (open circles), and 
htemoglobm (crosses) during infusion of saline and noradrenaline The times and rate of 
the noradrenaline infusion are shown at the top of the figure 

from a base hne of 60 to 76 mm on the first day Thereafter the pressure 
was very little above the base, though the appearance of the ear, identical 
with that described for noradrenaline and possibly more intense, indicated 
that the adrenaline was acting The animal did not eat well during the 
second and third days of the infusion, and the fecal pellets were small and 
wet Bradycardia was inconspicuous but the pulse was irregular Stopping 
the infusion was accompanied by a profound fall of arterial pressure to an 
average of 40, 57, and 63 mm on the three succeeding days 
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Adrenaline and noradrenaline together Since adrenaline and nor- 
adrenaline are present together m suprarenal medulla and m plueocliromo- 
cytoma (10), and since plueochromocytoma may produce a continuous 
hypertension wlncli has been attnbuted, perhaps erroneously, to the 
secretions of the tumour (2), we tried infusing a mixture choosing a ratio of 
1 1-adrenaline to 6 1-noradrenaline (1 10 d-1 noradrenahne), that is 
approximately the ratio found in phseoohromocytoma Two animals were 
used In rabbit 612, the pressure rose from a base line of 63 to 83 mm on 
the 1st and 91 mm on the 2nd day, the dose of d-1 noradrenaline being 1 1 
and 2 6(ig per mm respectively, and of adrenaline 0 1 and 0 25 peg per 
mm There was no bradycardia On the same dose the pressure fell back 
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Fig 4 Rabbit 007 Shows the blood pressure (solid circles) and pulse rate following the 
termination of an infusion of noradrenaline and adrenaline The time scale is shown 
accurately for the day terminating the infusion , for the other days shown it is semi 
diagrammatic The animal received saline for 2 days then noradrenaline and adrenaline 
for 0 days (1st to 0 days), then Bobne for 24 hours 


to the base in the next three days, rising slightly to 76 mm on 6 0 and 
0 6 jig per mm of the substances on the Cth day On changing the infusion 
to saline the pressure fell abruptly to 46 mm and remained beneath its 
original base hne on this and the succeeding days In rabbit 607 the rise 
of pressure was even less conspicuous , the fall on stopping the infusion is 
shown in detail m Fig 4 Both animals remained comparatively well during 
the infusion though both excreted small fecal pellets whose volume in 
rabbit 612 averaged 0 26 ml In both animals the ears showed the changes 
in vascular calibre described for noradrenahne Wien the vasoconstrictor 
substances were replaced by snlme the ears became flushed conspicuously 
and beyond the normal 
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Discussion 

So-called adrenaline “ shock ” was investigated repeatedly during and 
after the first world war Bambridge and Trevan (1) injected adrenaline 
slowly into a vein m ansesthetised dogs for 20 mm or longer at a rate sufficient 
to maintain the arterial pressure at a supra-normal level comparable with 
that due to stimulation of a sensory nerve The portal venous pressure 
rose to high levels, the systemic httle if at all , the hsemoglobm rose, for 
example from 95 to 129% After stoppmg the adrenaline the arterial 
pressure fell to low levels while the portal pressure remained high and the 
liver turgid Erlanger and Gasser (4) injected 6 to 11 ml of 1 1,000 
adienaline in 21 to 90 rum intravenously m dogs under ether anesthesia 
With the largest doses the rise of arterial pressure was not maintained 
during the infusion After terminating the injection there was a great fall 
of pressure which slowly regamed its original level after the small but not 
after the large infusions There was great hssmoconcentration They 
confirmed the rise of portal pressure but concluded it was not the cause of 
shock smce blocking the portal radicles of the hver with lycopodium spores 
gave a similar rise m portal pressure but not the changes m artenal pressure 
Other workers confirmed the decrease m plasma volume in suoh experiments 
(5) and this became generally accepted as the basis of shock Freeman and 
his colleagues (6) repeated these experiments on unanaisthetised, trained 
dogs, injecting adrenaline at a rate of 0 0034 to 0 016 mg per kg per min 
for 1 to 1^ hours intravenously while the arterial pressure was recorded 
manometrically from a needle in the femoral artery They found a similar 
fall of arterial pressure beginning during the infusion and reaching low 
levels after it, accompanied by slowing of the peripheral blood flow and 
great hsemoconcentration The dogs frequently died with this picture of 
circulatory failure during the infusion or after it, but transfusion would 
restore the arterial pressure and keep the animals ahve After death the 
cluef changes were found in the gut , the intestines were soggy and the 
lumen contamed blood stained fluid 

In the experiments quoted, the amount of adrenaline given was outside 
the physiological range and was greater than the doses used m the observa- 
tions here described The largest dose ve used was 0 003 mg per kg per 
mm of 1-noradrenahne as compared mth Freeman’s 0 0164 mg per kg 
1-adrenahne (6) Nevertheless it seemed that the circulatory changes here 
found might also be due to loss of plasma from the circulation We 
accordingly estimated either the packed cell volume or the haemoglobin m 
5 ammals , the results are summarised in Table II Significant luemo- 
concentration was not found There vas no evidence of the very slow 
blood flow observed by Freeman (6) and by Erlanger and Gasser (4) after 
terminating the infusion, since the ears of our ammals were warm and red 

A second possible explanation for the lack of sustained hypertension 
is inactivation of adrenaline and noradrenaline by oxidation or otherwise 
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during its exposure to room temperature for 24 hours m the burette Two 
observations excluded this When at the end of 24 hours the burette was 
replaced by a new one containing a solution of similar composition but 
freshly prepared, there was no further rise m arterial pressure Furthermore 
even though the arterial pressure was not raised during infusions of nor- 
adrenaline and adrenaline the changes in the ear vessels indicated that in 
fact a vasoconstrictor substance was at work 

A third possibility is the progressive intervention of the proprioceptive 
cardiovascular reflexes from the carotid emus and aortic aioh The 
bradymardia which was so conspicuous with noradrenaline may bo presumed 


TABLE H 

Estimations of hceniatocnt and hcemoglobm before, during and after infusion* of adrenaline and 
noradrenaline, hcemaiocnt tn %, hcemoglobm »n g per 100 ml 


Rabbit 

1 

Before 

! 

During 

^ After 

088 

31% 

20% 

27% 

30% 

31% 

20% 

0 7 g 

82g 

7 8 g 

7 2 g 

7 3 g 

7 6 g 

29% 7 9 g 

02g 


012 


7 4 g 

7 1 g (2) 

0 8 g (4) 

7 2 g 

014 


10 2 g 

9 2 g (2) 

10 0 g (5) 

10 8 g (8) 

10 Og (9) 

9 8 g 

010 


9-0 g 

9 0 g (3) 


607 


9 0 g 

8 0 g (3) 

8 1 g 

8 4 g 


The figure in brackets after the hremoglobm denotes the day of infusion. 


to be so caused Nevertheless inspection of the data shows that during the 
infusion, the fall of pressure is not associated with a further decrease m 
heart rate but may be associated with an increase Moreover the conspicuous 
drop m pressure after discontinuing the drug can not be entirely attributed 
to the activity of these reflexes As Fig 4 illustrates, the conspicuous fall 
of pressure may not be associated with an appreciable quickening of the 
heart 

A fourth possibility is that adrenaline and noradrenaline were destroyed 
with increasing rapidity m the body as the infusion proceeded This 
possibility is not consistent wnth the continued evidence of vasoconstriction 
seen in the ear of the warm animal , nor would it explain the profound fall 
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of arterial pressure after terminating the infusion of noradrenaline and 
adrenaline, unless, as indeed it might, the destructive mechanism also affects 
the chemical transmission of sympathetic impulses 

The most likely explanation is that the long continued action of 
adrenaline and noradrenaline causes a release into the circulation of a vaso- 
dilator substance or substances, the release continuing for some time after 
the vasoconstrictor substances cease to act This would account for the 
failure of hypertension to be maintained and for the profound and prolonged 
fall of arterial pressure subsequently Adrenaline is a notable example of a 
vaso-active substance that affects the various vascular territories of the 
body m a conspicuously unequal manner It produces a profound constriction 
of the skm, possibly of the gut, and increases muscle flow Noradrenaline 
has a much less uneven action, but it has been less fully mvestigated It 
may be therefore that tissues for long deprived of their customary blood 
supply release vasoactive substances into the circulation But it is also 
conceivable that the vasodilator substances have a different origin 

Green and others (9) have described a fall m arterial pressure m human 
subjects after terminating adrenaline infusions at the rate of 0 1 to 1 5[ig 
per min for 1$ hours This fall was also unaccompamed by htemo- 
concentration and was ascribed to vasodilatation 

It is of some mterest to contrast the results here obtained with infusions 
of noradrenaline and adrenaline and those obtained on infusing renm by a 
precisely similar method With rerun, provided infection of the solutions 
vas avoided, the animals remained well, no obvious change m function of 
any organ occurred, the ear vessels appeared httle altered macroscopically, 
the arterial pressure stayed high and in many animals was related to dose 
both on the curve of ascending and descending dosage After discontinuing 
the renm, the pressure fell to the original base line m about half the 
experiments and to below it m the remainder Thus the effects of renm 
differ from those of noradrenaline and adrenaline m three ways, namely 
there is no evidence from the skm of changed distribution of blood , 
hypertension is maintamed , after terminating the infusion, the arterial 
pressure falls below the base line m only half the cases and m most of those 
relatively slightly The experiments described m this and the previous 
paper thus suggest that renin merits very serious consideration as an agent 
that may produce maintamed hypertension, but that it is still unproved 
that adienalme and noradrenaline can act m tins way 


Summary 

1 Intravenous infusions of sterile solutions of d-1 noradrenaline 
] -adrenaline and a mixture of the two have been maintained m rabbits for 
periods up to 8 days 
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2 With these infusions there uas an initial rise of pressure that ivas 
in general not maintained despite an increasing dosage 

3 Replacing the solutions of d-1 noradrenaline, of 1-adrenaline, or of 
the mixture, by saline was followed quickly by a profound fall of arterial 
pressure, which lasted in a lesser degree for several days 

4 Significant luemoconcentration was not found, but many of the 
animals appeared ill during the infusion An alteration of the character 
of the faeces was usual and m animals receiving d-1 noradrenaline the large 
gut was distended with gas at autopsy 

5 It is suggested that the failure of hypertension to be maintained 
during, and the profound fall of pressure after, a prolonged infusion of 
noradrenaline and adrenaline is due to release of vasodilator substances into 
the circulation 
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OBSERVATIONS ON THE DISTRIBUTION OF 
SUBCUTANEOUS FAT 

By D A W EDWARDS * 

(From the Department of Clinical Besearch, University College Hospital 

Medical School ) 

When subjects gam or lose weight there is an obvious change in the body 
contours and m the thickness and texture of the subcutaneous tissues 
Sometimes these contours follow unusual but distinct patterns which have 
come to bo associated with a particular disease process w lulst other patterns 
have been described as distinct but not related to any clearly defined 
disorder The contours of the body are determined by two factors by 
those of the underlying muscle and bone, and by the thickness of the 
subcutaneous tissues from place to place With an increase in weight which 
is not associated with growth there is bttle change in the contours of the 
carcase and the thickening subcutaneous tissue becomes the predominant 
cause of the body outhne , gaps between muscles become filled m, bony 
points appear less prominent and the shape of the body becomes increasingly 
determined by the pattern of increase m thickness of the subcutaneous 
tissue It is difficult to estimate the quantity of muscle m the living subject, 
but it is possible to estimate the thickness of the subcutaneous tissues by a 
relatively simple and rapid method This paper describes such a method 
and the evidence obtained about the way m which the subcutaneous tissue 
contributes to the changing contours of a normal person who is gaining or 
losing weight 

Method 

Briefly the method consisted m measuring the thickness of the 
subcutaneous tissue fold at a large number of anatomically determined 
points The method was used m a senes of female subjects with different 
degrees of obesity 

The method of estimating subcutaneous tissue fat by measuring the 
thickness of the skin and subcutaneous tissue fold -with cabpers has been 
in use for some time as an index of the state of nutntion and m somatotypmg, 
but most workers have used only one or two points on the body for their 
measurements It was appreciated that the method was crude and 
inaccurate but it was hoped that by taking a large number of measurements, 


* Work undertaken on behalf of the Medical Research Council 
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some of the random sampling errors v onld be reduced in the estimation of 
total fat In order to get an idea of the pattern of distribution of sub- 
cutaneous fat it was also necessary to use a sufficient number of points to 
cover the major variations in thickness over the body 

The choice of sites was determined by several factors The ease with 
which a fold of skin may be raised depends upon the looseness of the areolar 
attachment of the superficial to the deep fascia and on the texture of the 
subcutaneous tissue itself The subcutaneous tissue over the buttock is 
too fibrous and too firmly attached to the deep fascia for satisfactory 
measurement and m the neighbourhood of skm creases the mobihty of the 



Fig 1 Sites of measurement and corresponding increases in fold thickness which occur as 
the weight increases from 100 to 180 lb The reference number marks the site in the two 
left hand figures (A) and the increase in fold thickness m mm at the same site is given in 
the two right hand figures (B) 


tissue is also limited The sites must be accurately and quickly located 
with close correspondence betveen one subject and another and were 
therefore chosen m simple relation to easily identified bony landmarks 
Originally ninety-three points v ere selected and the repeatability of the 
measurements estimated As a result of this trial experiment fifty-three 
sites were chosen as representative of the greater part of the body yet having 
reasonably good repeatability Particular attention was paid to those areas 
of the body which are commonly said to be the sites of unusual fat 
distributions The sites are illustrated m Fig 1 
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The tissue fold was measured with a pair of engineer’s vernier calipers 
scaled m millimetres, modified for the purpose by building up the jaw face 
to 30 mm long and 8 mm wide This considerably reduced the indentation 
of the fold by the jaws which were moved by a small friction wheel bo that a 
roughly constant tension could be put upon the fold by an experienced 
operator Fold thicknesses were recorded to the nearest millimetre It 
must be emphasised that the values obtained by this method are not the 
real depth of subcutaneous tissue, but a direct proportional relationship 
holds between the fold thickness and the subcutaneous tissue thickness 
when these are measured on post mortem matenal 

The subjects exammed were all patients from the various In and Out 
Patient Departments of the Hospital who were not suffering from endocrine 
disorders or wasting diseases , many of the obese subjects were attending 
for weight reduction Subjects were chosen at random except that later 
m the study they were selected on the basis of their corrected weight m an 
attempt to equalise the numbers in the various weight groups The height 
m inches (without shoes) and the weight m pounds (unclothed) were recorded 
at the time of the fold measurements So that subjects of different heights 
could be compared by weight, the actual weight of the subject was converted 
to a weight corresponding to a standard height of 64 inches by means of 
Table II This converted weight was used in all calculations The table 
was derived from height-weight-age data on women published by the 
Association of Life Insurance Directors and Actuarial Society of America (1) 


TABLE II 

Conversion table for reduction of weight to a standard 
height of 04 indies 


Height 

Add 

Height 

1 

I Subtract 

in inches 

lb 

in inches 

1 lb 

07 

10 

05 

3 

58 

17 

00 

7 

50 

15 

07 

11 

00 

12 

08 

15 

01 

0 

00 


62 

0 

70 

23 

- ! 

3 

» 

27 
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Results 

The measurements were used to investigate two points firstly, the 
estimate of the total subcutaneous fat afforded by the sum of all readings 
on a subject and its relationship to the body weight , and secondly, the 
pattern of subcutaneous fat distribution shown by the readings at individual 
sites and the constancy of this pattern over a wide range of body weight 
Total subcutaneous fat The first series of subjects studied consisted 
of 83 women whose menarche had occurred at least five years previously, 
who were having regular menstrual cycles, were not showing menopausal 



Bhorcn Tlic data arc the combined \ allies for aeries N and P a total of 138 subjects 


symptoms and did not admit to ever having been pregnant (Series N) The 
sum of the fold thicknesses at all sites was calculated for each subject and 
the subjects divided into groups according to their converted w eight, each 
group cot ering a range of 10 lb The mean value of the total tlncknesses 
was plotted against the mean talue of the corrected weight m each weight 
group , these points fell close t-o a curve A second senes of subjects, 
consisting of 55 women with the same menstrual history os the first group 
but who admitted to having been pregnant at some time, was treated in a 
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similar manner (Senes P) , these pomts also fell olose to the same curve 
In Fig 2, which illustrates these findings, the two senes of data have been 
combined The calculated, curve which best fits the data is quadratic and 
is given by y = —0 022 x 2 + 16 83 x — 1072 6, where x is the body weight 
m lb and y is the total fold thickness in mm 



Body Weiqht in lbs 

Tig 3 The effects of weight loss on the total subcutaneous tissue of the mdrwdual The 
broken line represents the regression line for the group Values for each individual are 
joined by continuous lines 


Only patients who had not lost weight for some time pnor to the 
measurements being taken were included m these two senes m order to 
avoid any effects of recent v eight loss on the tissue tension or the pattern 
of subcutaneous tissue thickness These average figures therefore indicate 
the way in v hich the average total subcutaneous fat thickness for the group 
varies with body v eight In order to see whether an individual conformed 
to the group trend a series of 24 patients who were on a reducing diet and 
had lost at least 2 stones v, ere measured at intervals as they lost weight 
The total fold thicknesses were plotted against corrected body weight as 
in the previous groups and compared with the average line for these groups , 
some of these are illustrated m Fig 3 Tuo points vere shown by these 
data the total fold thickness of an individual subject decreased with the 
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body weight in a similar manner to the group trend , this decrease n as 
somewhat faster than the group trend but was not progressively so and was 
independent of the amount of n eight lost This decrease in the total fold 
thickness below the expected level has been found to occur in most patients 
who are losing weight rapidly and appears to be related to a change in the 
mechanical conditions involved in the method of fold measurement, such, 
for example, as a change in tissue tension or elasticity The apparent 
decrease in fold tluekness was roughly the same regardless of how much 
weight had been lost m excess of 10 to 15 lb 
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Body Weiqhl In lbs 

Fig 4 The relationship between fold tluekness and bodj weight at two sites The upper 
cune represents the bach of the upper third of the upper nrm (AB1), the lower cune the 
back of the lower third of the forearm (AB4) The black dots represent the average of 5 
or more subjects, the open circles 4 or less subjects The data are the combined \ allies 
for series N and P 

The pattern of subcutaneous fat distribution From the results so far 
obtained it was clear that there h as a close and simple relationship betn een 
body neight and the total subcutaneous tissue As the subcutaneous fat 
mcreased with obesity it might be deposited in one of tno ways, either 
according to the existing pattern or first m some areas and later in others 
If the new fat nas added according to the existing pattern then all the 
site values Mould increase proportionately, a doubling of the thickness at 
one site being accompanied bv a doubling of the thickness at all other sites , 
if the fat was added irregularlj then the pattern Mould differ at different 
body Heights and these differences Mould be revealed by comparing graphs 
of tissue thickness against bodj Height for different sites of measurement 
The ramus sites of measurement Here therefore treated independently, the 
thickness at a given site being plotted against corrected body Height for 
each subject m Series N In each ense the points Here found to group 
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closely around a curve similar m shape to that for total fold thickness, the 
closeness of the grouping varying somewhat with different sites of measure- 
ment The scatter was made up of both random errors and individual 
deviations from the average line and the data provided information about 
the group trend only The average values for each 10 lb weight group were 
then plotted for senes N and senes P for each site The points for the two 
series corresponded closely in the majority of cases and were therefore 
combmed For all sites of measurement the average values for the combmed 
series were clearly grouped around curves, two of which are illustrated in 
Fig 4 The curves for different sites were similar m shape Indeed, the 
curve of Fig 2, when suitably reduced m vertical scale, fitted the data for 
all sites with reasonable accuracy This indicated that the average thickness 
of subcutaneous tissue at any one point on the body bore a simple and close 
lelationship to the average body w eight 



Fig 6 The effects of weight loss on the mdi\ iduol’s fold thickness at the site represented in 
the upper curie of Fig 4 The broken line represents the regression line for the group 
Values for each indn idual are joined bj continuous lines 


The data on the patients who had lost a considerable amount of weight 
on a reducing diet w ere plotted m the same way, the readings on each 
individual being joined by a line It will be seen from some of these data 
(Fig 6) that although the individual’s fold thickness at a given point may 
have differed considerably from the group average, the fold decreased m 
thickness with decrease m weight at a rate closely corresponding to that of 
the average for the group 
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In the grouped data the regression lines for each site all had the same 
general shape, but the slope of the lines varied from site to Bite This 
result indicated that new fat was deposited on an existing pattern and 
that as the body w eight changed the ratio of the new to the old thickness 
was similar for all sites on the body , in other words, if the average thickness 
for the group at one site was doubled, the thickness at any other site was 
doubled and the pattern was constant at all body weights m the range 
examined 

The slopes of the group hnes may be used to describe the pattern of 
distribution m two ways , either as the increase m thickness which occurs 
at each site for a given increase in body weight or as the thickness at each 
site at a particular body weight The increase m thickness at the various 
sites Minch took place as the average a eight increased from 110 to 180 lb 
is given in Table I and Fig 1 

The second method of expressing the pattern of distribution requires 
some qualification The thickness measured included two layers of skin 
and a correction was necessary for this The double skin thickness was 
therefore measured at each site m eight female cadavers corresponding roughly 
to the age and weight distribution of the series N and M and the average 
double skin thickness at each site calculated The average w eight of all 
the subjects w as used as the reference point for body a eight and the height 
of the regression lme at this weight (148 lb ) determined at each site This 
value minus the double skin thickness for the site represented the proportional 
thickness of subcutaneous tissue and is given in Table I with the value 
for the double skin thickness 

One further observation w as made on the data for the individual sites 
The regression line for each site was extrapolated to cut the base line of 
body w eight after correcting for the double skin thickness This value 
indicated the body w eight at which Ihere would theoretically be no 
subcutaneous fat at that particular site and is given m Table I The 
regression line for the total fold thickness cuts the corrected base line at 80 
lb (Fig 2) 

Discussion 

The relationship between body weight and total subcutaneous tissue tlncl- 
ness The results on the group data suggest, and the data on individuals 
strengthen the suggestion, that an adult female 04 inches tall would haxe 
urtually no subcutaneous fat at a body weight of about 80 lb With 
increase in w eight above tins figure the amount of subcutaneous fat increases 
proportionately with the weight This does not mean that the increase in 
weight is entirely due to the subcutaneous fat, but that whatever other 
tissues are im olved must increase m proportion with the subcutaneous fat 
The tissues which might take part include adipose tissue in any part of the 
body and muscle , it is unlikely that the skeleton, nervous system and viscera 
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would contribute more than a small percentage of the increase and the 
same is probably true in the case of the connective tissues and extracellular 
fluid Muscle hypertrophy may occur but would again be a relatively small 
factor, although the muscle volume may increase as a result of fat deposited 
within or between the fibres The greatest contribution to the increasing 
weight would appear, therefore, to be from the adipose tissues of the body 
both in the deep and superficial tissues and it seems hkely that all the 
adipose tissue which takes part m the increase does so at a rate proportional 
to the rise m weight * 

The relationship between body weight and subcutaneous tissue thickness 
at different points on the body The results suggest that the thickness of 
subcutaneous tissue at any one place on the body depends upon a constant 
local factor, which vanes from place to place, and upon the body weight 
This might be explained by the hypothesis that the local factor is the 
number of cells in the subcutaneous tissue capable of storing fat If the 
storage of fat by adipose tissue cells is a simple biochemical process depending 
on the concentration of certain substances m the blood stream it is to be 
expected that each cell will take up an abquot of the fat forming substance 
that is in excess provided that no meohanical factors interfere with the 
process In this way the subcutaneous tissue would increase in thickness 
in the same proportion over the whole body but the greater the number of 
cells in any one place the greater Mould be the absolute increase m thickness 

The values for the average mciease in each fold thickness as the weight 
increases from 100 to 180 lb show how the contours of the body are changed 
with increasing weight although the pattern of subcutaneous fat distribution 
remains the same There is an average increase m fold tlnokness of but 5 
mm on the lower third of the radial side of the forearm whilst there is a 
simultaneous increase of 27 mm on the posterolateral aspect of the upper 
tlurd of the arm The width of the shoulders will therefore increase more 
than that of the wnst At the same time the subcutaneous tissue fold over 
the angles of the ribs increases by 20 mm , that of the abdominal wad 
between umbilicus and pubis by 25 mm and that of the anterior and lateral 
aspects of the upper thud of the thigh by 37 mm whilst at the lower third 
of the calf it is only 12 mm Tig 1 illustrates these and other increases 
and shows that the greatest fat deposition occurs around the shoulders, the 
upper part of the thigh, the lower abdomen, the base of the neck and the 
angles of the ribs In the limbs the deposition is progressively less from 
proximal to distal The tendency to deposit fat chiefly around the pectoral 

* Dr E E Poclim has used the preliminary observations at 93 sites distributed over the 
body surface to calculate a mean thickness for the subcutaneous tissues m 43 female subjects 
with varying amount of fat from the mean of the thicknesses actually observed A rough 
estimate of the total weight of subcutaneous fat was based on this value and a mean surface 
area as calculated from Du Bois’s formula On this basis subcutaneous tissue, if assumed to 
have a specific gravitj of 0 94, was found to represent about 70 per cent of the total excess 
body weight in anj given subject 
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and pelvic girdles, “ humping ” of the back and relative “ sparing ” of the 
extremities is therefore a normal phenomenon as judged by the average 
pattern for the group and cannot be said to be a characteristic abnormal 
distribution of fat There is no suggestion from the data obtained that, a 
previous pregnancy makes any difference to the pattern of distribution , 
there may be a different pattern of distribution during pregnancy, but any 
difference w Inch may occur must revert, rapidly to the normal afterwards 

The data obtained by extrapolating the regression line to cut the w eight 
axis corrected for skin thickness give confirmatory evidence of the reliability 
of the measurements The values for adjacent points are surprisingly close, 
for example the values for the back are 89, 89, 88, 90, 89, 91, 91, for the 
flank 87, 80, 85, 85, for the inside of the arm 83, 82, 83, 83 lb The 
difference in the values from area to area is probably a measure of the 
amount of non-fatty tissue enclosed m the subcutaneous tissue fold, the 
smaller the weight at which there would theoretically be no fat the greater 
the amount of non-fatty tissue The exceptionally low T value for site LBl 
is the result of incorporating part of the rounded edge of semitendmosus in 
the fold 

The results give information about the a\erage pattern of distribution 
and deposition of subcutaneous fat m a group of 138 women but these 
conclusions cannot necessarily be apphed to the individual It is obvious 
that many normal subjects show variations from the general pattern described 
but the limited data on subjects losing 28 lb or more m weight suggest that 
whatever the individuals basic pattern of distribution, this persists o\er a 
wide weight range There arc many lanations or additions to the pattern 
described which occur relatnel} commonly and must be considered normal 
since the}'' are not associated with anj particular condit on and exist in the 
fat and the slim The} include a pad o\er the sacrum , a pad o\cr and 
below the inferior angle of the scapula , a pad filling m the groove between 
the biceps and triceps on the lateral aspect of the arm , a pad over the 
medial aspect of the upper third of the adductor muscles , and a pad over 
and aboie the medial side of the knee, limited below b} a crease winch 
becomes continuous with the popliteal crease There is frequent!} a bulge 
m the popliteal fossa aboic the joint line which is separated from the medial 
knee pad In a crease Around the ankle there is sometimes an extension 
of the thick fat la}er over the calf down on to either side of the Achilles 
tendon giving a ‘ thick ankle ” appearance , another pad occurs below 
and behind the medial malleolus overlying the flexor retinaculum and another 
below and m front of the lateral malleolus o\erlymg the lateral parts of the 
superior and inferior extensor retinacula These local increases in thickness 
ma\ be found in mail} slim people and are not necescarih associated with 
obesiti In the obese they arc more obvious, but with decrease in bod\ 
weight the} have been observed to become le=s conspicuous as the fat 
thickness decreases elsew here 
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Summary 

A method of estimating the thickness of subcutaneous tissue fat and 
the results of an investigation into the normal adult female pattern of 
subcutaneous fat distribution are described A close relationship between 
subcutaneous tissue thickness and body weight was observed at 53 sites on 
the body The thickness of subcutaneous tissue was found to vary from 
place to place according to a pattern which remained constant over a weight 
range of 110 to 180 lb and probably over a much wider range over which 
the data were meagre This normal pattern included a relatively greater 
deposition of fat around the shoulders, base of neck, back, abdomen and 
thighs than elsewhere with a “ sparing ” of the extremities Some common 
variations of the normal distribution are described 
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ON THE EFFECT OF ARTERIAL OCCLUSION AND VENOUS 
CONGESTION UPON LIMB PAIN 

By H St C C ADDIS, R P JEPSON and J H KELLGREN * 

( From the University Rheumatism Centre and Department of Surgery, 
Manchester Royal Infirmary ) 


Introduction 

The causes of pain m disease and their relationship to disorders of the 
circulation are still not clearly understood Careful studies have been made 
in special syndromes such as headache (2, 4, 13, 15, 16), intermittent 
claudication (8), disorders of the peripheral nenes (3, 5, 6, 7, 11, 12, 18, 10), 
peptic ulceration (1, 14) and angina of effort (17) From these Btudies it 
would appear that pain m disease may he caused hy at least three different 
mechanisms First, there is nhat maj be called the chemical mechanism 
In this, pain results from the accumulation of substances such as metabolites 
in contracting muscle or damaged shin, or the concentration of acid m the 
stomach Secondly , there is the rascular mechanism so prominent m 
headache n here pam maj result from an abnormal amplitude of pulsation 
in the \ ascular bed Lastly, there are the various painful states, including 
causalgia, uhich may follow injuries and other disturbances of the peripheral 
nerves and uhich are frequently associated until morphological changes m 
the nerves themselves In spite of these studies the painful conditions m 
the limbs resulting from trauma, infection and rheumatic disease han e been 
strangely neglected We have, therefore, investigated some of these common 
painful lesions and have observed the effect of short periods of arterial 
occlusion and \ enous congestion upon the sen enty of the paw 

A painful condition uas defined as one in uhich movement or palpation 
of the part caused excessive pam In most instances the subject had also 
experienced spontaneous pam during the preceding tuentj-four hours or 
uas suffering slight pam at the time of observation 

Method 

Since it has been shown that temperature changes maj sometimes 
haie a profound effect upon both deep and cutaneous pam (7, 0, 10, Jl), 
ue have kept the temperature of the affected part constant during our 

•Much of the clinical material for this stud* ivas provided b\ the staff of the Orthopvdic 
Department and the Accident Room of the ^vtonchodor Roval Infirmnrx to whom we are grcotl} 
indebted 
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observations If the part affected was the hand or foot its tempeiature 
was controlled by immersion m a water bath , but when the knee or el bon 
region was affected the limb was merely kept under the bed clothes or 
wrapped m gamgee By these simple procedures the skm temperature of 
the part was kept constant to within 1°C during the period of investigation 
All tests were carried out within the range of 30° to 36°C unless otherwise 
stated 

A pneumatic cuff was applied to the hmb proximal to the lesion 
Arterial occlusion or venous congestion were produced by inflating the cuff 
to a pressure of 200 or 80 millimetres of mercury The pressures vere 
apphed suddenly from reservoirs and each pressure was maintained for 10 
minutes and then released rapidly The temperatures were allowed to 
stabilise before each observation and, except in certain experiments, the 
blood was permitted to cnculate freely for at least 5 minutes between the 
apphcation of each pressure 

CUPP AT 200 mm Hi] CUFF AT 80 mm Hij 



TIME IN MINUTES 

big 1 Illustrates the 3 types of response to short periods of arterial occlusion and \cnous 
congestion A.— No effect B — Rapid increase of pain C — Slight or modified increase 
of pam The black areas represent spontaneous pain in this and subsequent figures 

A careful note v as made of any change m spontaneous pam or tenderness 
that occurred during these procedures Pam was graded as slight, moderate 
and severe, but tenderness proved difficult to assess satisfactorily because of 
the variety of lesions tested 

These tests were done on patients suffering from infections of the hand 
and other suppurative lesions of the limbs, painful nerve injuries, operation 
w ounds, minor fractures and sprains, rheumatic and otheT arthritic diseases, 
and many miscellaneous painful states 
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Types of response 

Tlie effects of arterial occlusion were studied m 151 patients, and m 
138 of these the effects of venous congestion were also observed 

Three mam patterns of response were noted and these are illustrated 
diagramatically m Fig 1 In the majority of patients there waB no response, 
the painful condition remaining unchanged throughout the periods of arterial 
occlusion and venous congestion In others artenal occlusion produced a 
rapid and dramatic increase of pam which was often accompanied by 
generalised pallor sweating and such distress that the circulation had to 
be restored after only a few minutes of occlusion After release this severe 
pam vanished when the flush of returning blood reached the affeoted part 
In many patients, however, pam was only slightly increased by arterial 
occlusion and this was classified as a sbgbt or modified response 

In some patients venous congestion produced some increase of pam 
but m only 3 was this increase of sufficient seventy to require release of the 
cuff pressure before the full 10 minutes had elapsed Furthermore, with 
venous congestion there was usually an early mcrease of pam winch then 
remained at a plateau for the duration of congestion After release the 
pam subsided slowly, sometimes taking as long as a minute or two to 
disappear The response to congestion thus differed from the response to 
artenal occlusion v r here a continuous increase of pam was followed by 
immediate relief on restonng the circulation Although there was some 
correlation between the responses to artenal occlusion and venous congestion, 
in a number of patients who exponenced a dramatic increase of pain during 
occlusion, venous congestion had no effect whatsoever, while in 3 of these it 
even caused some relief of painful throbbing There were also 4 subjects 
m whom venous congestion alone increased pam, arterial occlusion being 
without effect But most painful lesions that ware affected by the tests 
responded to both arterial occlusion and venous congestion 

In repeated observations each subject gave the same type of response 
unless there had been some obvious evolution of the lesion between the 
observations 


Relation to pathological lesion 

These three types of response were commonly associated with different 
types of pathological lesion, and a classification of our cases is shown in the 
table 

The most pronounced increase of para during artenal occlusion was 
observed in pulp space infections of the finger, and infection of the fascial 
compartments of the hand These lesions account for lit of the patients 
classified as suffenng from closed deep suppuration The remaining patients 
m this group comprised two with active osteomyelitis, one with suppurative 
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Type of lesion 

Pain from occlusion J 

Pam from congestion 

Severe 

Slight 

None 

Seiere 

Slight j 

1 None 

Closed deep suppuration 

, 

; 18 

7 


1 

8 1 

7* 

Operation wounds 

0 

4 


l 1 

8 

1 

Minor fractures and sprains 

1 

i 9 

10 

I 

8 

10 

Superficial suppuration 

1 

! 9 

10 

1 

6 ] 

11 

Rheumatoid arthritis 

] 

■■ 

14 


11 ■ 

14 

Heberden’s nodes 

1 

1 

3 

3 


3 

3 

Osteoarthritis 


1 

4 


1 

4 

Tuberculous arthritis 



1 4 



4 

Ankylosing spondylitis ( 



3 

1 

' 

! 

3 

Nene injury Type I 



10 

: 


10 

Ner\ e injury Type II 

i 

1 

10 



10 

Glomus tumour 

1 

1 

5 

i 

i 


6 

Miscellaneous 

2 


7 

i 

1 

8 

Totals j 

27 , 

44 

80 

3 ! 

46 

00 


Clio Tabic shows the number of cases of each type of pathological lesion in which arterial occlusion 
or venous congestion produced either no change, a slight morease of pom or a sei ere increase 
of pain, necessitating release of the cuff before the elapse of 10 minutes 
In 13 of these cases venous congestion was omitted 


arthritis, one with disseminated lupus who had sterile symmetrical abscesses 
in the hands, and 2 patients with Reiter’s disease who had sterile purulent 
effusions in their joints 

Similar dramatic responses were observed m patients with operation 
w ounds of the hands where there was considerable post-operative swelling 
and tenderness, but in those noth trivial incisions and little post-operative 
swelling the response was very slight The increase of pam was most 
pronounced on the day after operation and gradually became less marked 
on each subsequent day, to become rather suddenly negative on the 2nd 
to 7th day, depending upon the severity of the post-operative tissue reaction 
In the group of minor fractures and sprains the response varied considerably 
In those with noticeable local warmth and swelling there was usually some 
response, while negative responses were found immediately after injury, 

* In 3 of these painful throbbmg was relieved by \enous congestion 
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and again after the lapse of days or weeks u lien no local warmth or swelling 
was present , but serial studies of more severe injuries will have to be made 
before the responses m this type of trauma can be properly defined 

The group of superficial suppmation contained a miscellaneous collection 
of subcuticular blisters, incised and freely draining infections of the hands 
and three patients with indd cellulitis 

Most of the 26 patients with rheumatoid arthritis had acutely inflamed 
joints which were hot and gave severe pain on pressure and movement 
It was therefore surprismg to find that none of these experienced more 
than a slight increase of pam during arterial occlusion or venous congestion 
Three patients with acute Heberden’s nodes that resembled infected fingers 
gave positive responses, but m patients with the common chrome bony 
nodes no response was observed Five osteoarthnno knees were tested 
Only one of these gave a positive response and this patient was suffering 
from an acute episode with a hot, suollen jomt following a recent injury 
No response was observed m 4 patients with active tuberculous arthritis 
and m 3 patients with ankylosing spondylitis m whom the knee was affected 

In 20 patients suffering from persistent painful states following nerve 
injuries and in 6 patients with painful glomus tumours no response uas 
observed Under the heading of Type I nerve injury we have included those 
patients in whom an area of skin u as so hypersensitive that even light 
contact \\ ith a hair produoed a complaint and withdrawal of the part In 
this group temperature changes within the range of 45° to 15°C caused no 
abnormal pam Under Type II nerve injury we have placed those patients 
in whom the pam spread widely and was felt deep m the limb and in whom 
excessive pam resulted from coobng the affected part, within the range 
30° to 15°C Most of these cases have been described in detail elsewhere 

(5. 7) 

Among the miscellaneous group there were 3 patients with arterial 
disease w ho were suffering from the rest pain of impending gangrene There 
was also one patient who was considered to be suffering from Sudeck’s 
atrophy, one patient with chronic inactive osteomyelitis who had tender 
scars, and two patients with painful joints resulting from pulmonary 
osteoarthropathy In none of these patients was any response observed 

The two markedly positive responses m this group occurred in patients 
with malignant disease One of these had a fibrosarcoma of the palm, 
wlulst the other had a malignant synovioma affecting the elbow Both 
these tumours were unusually painful growths and they were probably not 
representative of sarcomata as a u hole 

A glance at the table shows that in 25 patients with deep closed 
suppurations there was a considerable and usually dramatic increase of 
pam during arterial occlusion, whilst in 20 patients with peripheral nerve 
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injuries and in 6 patients with glomus tumours neither arterial oeolusion 
nor venous congestion had any effect whatsoever As m both groups 
tenderness was pronounced, it was unlikely that this difference in lesponse 
to occlusion was snnpty due to a differing degree of the same painful state 

As the increase of pam which occurred during artenal occlusion m 
patients with closed suppuration -was a most striking phenomenon it was 
decided to investigate this moie fully in those suffering from pulp space 
infections of the finger 


Detailed studies 

Foi these studies we chose patients w r ho w r eie not suffering from 
spontaneous pain but in whom even a few minutes of arterial occlusion 
produced severe pam, and a note was made of the time after occlusion 
v r hen pam was first felt, and also when it became unbearably severe 

On 4 subjects the test was carried out m the usual way but the circulation 
was then re-occluded after free intervals varying from 10 seconds to 6 
minutes When the free interval w r as longer than 30 seconds the pam 
came on after the same time and increased in the same w r ay as m the original 
occlusion, but until shorter free periods the pam tended to come on earlier 
and to merease more rapidly m the second occlusion 

In 2 patients serial observations were made daily during penicillin 
therapy As the inflammatory process in the finger subsided there was 
progressive delay before the onset of pam during occlusion and the rate 
of morease beoame slower In 3 patients, similar serial observations were 
made before and after incision of the finger Immediately after the incision 
(he pam came on later during occlusion and increased more slowly than 
previously, and during the following tw r o or three daj T s the response ceased 
altogether 

In the two patients with Reiter’s disease, m whom a positive response 
w r as noted, this became negative 24 hours after aspiration of a purulent 
effusion from the affected joint 

During all previous tests the affected finger had been kept m a bath 
of water at 36°C, but the tests were now repeated with the finger immersed 
in water at different temperatures First the finger was placed m water 
at 40°C and after allowing 5 minutes for the finger to warm through, the 
arteries of the arm were occluded in the usual way, until the pam became 
unbearable After 5 minutes rest the piocedure w r as repeated with the 
finger m water at 30 °C and at 20 °C and occasionally at intermediate 
temperatures The different temperatures w r ere also used in the reverse 
order Fig 2 illustrates a typical result It will be seen that during 
occlusion the pam comes on earlier and increases more rapidly at the higher 
temperatures than at the lower temperatures Comparable results were 
obtamed m all of the 7 patients with infection of the finger tip, which were 
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studied in this way * It is well known that a bum is abnormally sensitive 
to uarmth, and Lewis and Hess (9) have shown that if skin be damaged bj' 
any means suoh as binning, scratching, freezing or exposure to ultra violet 
light, it becomes abnormally sensitive to warmth and may give nse to 
spontaneous pain at temperatures as low as 30°C These workers came 
to the conclusion that pam and abnormal sensitivity resulted from the 
action upon the pam nerves of substances passing out from damaged cells 

CUFF AT 200 mm Hg 
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k ig 2 Shows the time of onset and rate of increase of pain during occlusion, when the infected 
finger is held m a water bath at different temperatures 


The following test was, therefore, earned out on 8 patients (Fig 3 ) 
The affected finger was placed m water at 40 °C and after the usual 6 minutes 
the arteries of the arm w ore occluded As soon as spontaneous pam nas 
felt the finger was transferred to water at 30 °C This produced rapid 
relief, hut after a minute or two pam returned The finger was again 
transferred to water at 20°C with a further temporary relief of pam, but 
once pam was felt at 20 °C no further lowenng of temperature gave any 
relief and the pam continued to increase until the circulation v. as restored 
by releasing the cuff If, during this experiment, the finger was transferred 
from a lover to a higher temperature there was an immediate return of 
pam 

* In these finger tip lesions pain is mostly cutaneous m type but when pam is largely deep 
as m suppuration in the faBcial spaces of the palm or in arthritis, the pam induced by arterial 
occlusion tends to come on earlier and to increase more rapidly at 20°C 




278 


ADDIS, J EPSON AND KELLQREN 


It is difficult to see how cooling the finger can disperse some accumulating 
metabolite , but if during the period of occlusion there is a steady 
accumulation of a metabohte which increases the sensitivity oi the finger 
to warmth, pain will be felt at lower temperatures as the occlusion period 
lengthens During occlusion the finger also gives nse to increasingly severe 
pain on squeezing, and it seems likely that during occlusion there is a 
progressive increase of sensitivity to a variety of stimuli 


CUFF AT 200 mmHg 



Fig 3 Shows tho interference with the increase of pain during occlusion which results from 
transferring the infected finger from a warm to a cool water bath 


The infected finger thus behaves like the damaged skin studied by 
Lewis and Hess (9), and a similar mechanism may well be operative m the 
many painful conditions m which there is an increase of pam during aitenal 
occlusion Furthermore, m deep suppuration a collection of pus may act 
as a reservoir for pam producing substances and the Tclief of pam which 
frequently follows incision and drainage may be due more to the emptjung 
of this reservoir than to the relief of tension, although this undoubtedly 
plays some part 


Discussion 

These observations suggest that painful conditions of the extremities 
can be classified into at least two mam groups In the first group the 
painful state is extremely labile and is profoundly affected by short periods 
of arterial occlusion , and in this group venous congestion may also cause a 
considerable mcrease of pam In the second group the painful state is 
more stable and is unaffected by short periods of arterial occlusion or venous 
congestion 
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The labile state is commonly associated ■with an inflammatory tissue 
reaction but, although the stable state may be found m a variety of conditions, 
it is characteristically associated -with peripheral nerve injuries 

In the labile painful states the damaged tissues are probably producing 
substances which stimulate the pam nerve endings direotly and also render 
them abnormally sensitive to other stimuli such as pressure, tissue tension 
and changes of temperature For the disposal of these substances an ample 
local blood flow is essential Thus a delicate balance is maintained between 
the blood flow through the affected part and the accumulation of these 
substances m the tissues 

The problem is, however, extremely complex because the presence or 
absence of pam at any given moment may also be influenced by the 
temperature of the part, and the presence or absence of venous congestion, 
winch alters tissue tension as well as local blood flow r Thus at least four 
different, but interacting factors must be considered when discussing the 
cause of pam in these labile states 

Pam in the head is frequently caused by an abnormal amplitude of 
arterial pulsation (2, 4, 15) When this mechanism is operative, arterial 
occlusion and venous congest’on both tend to relieve pam by reducing the 
amplitude of pulsation in the vascular bed With the exception of 3 patients, 
m whom venous congestion relieved throbbing, no such relief has been 
observed m painful conditions of the extremities , and it therefore seems 
unlikely that abnormal arterial pulsation is an important cause of pam m 
the limbs, at least in the conditions studied 


Summary 

1 Short periods of arterial occlusion and venous congestion have 
been applied to limbs in winch a painful state had resulted from a variety 
of pathological lesions such as trauma infection and rheumatic disease 

2 In many cases arterial occlusion produced a dramatic increase of 
pam In others only a slight increase of pam was observed w lnle in a large 
group neither venous congestion nor arterial occlusion had any effect 

3 On the basis of these tests painful states have been classified into 
labile and stable groups The labile state was usually associated with an 
inflammatory tissue reaction while, although the stable state was found m 
a variety of conditions, it was charactensticallj associated with changes m 
the peripheral nerves 

4 The effect of temperature on a labile painful state has also been 
studied and some of the factors mvolved m the production of pam have 
been discussed 
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ADDISONIAN PERNICIOUS AN/EMIA 

CONFIRMATORY EVIDENCE OF A FACTOR INHIBITING 
ERYTHROPOIESIS 

By R B THOMPSON * 

( From the Royal Ftclona Infirmary, Newcastle upon Tyne ) 

The work of Rusznyak, Lowinger, and Lajtha (6) has provided strong 
evidence that a factor which inhibits erythropoiesis is present in the serum 
of patients suffering from pernicious anffimia in relapse They found that 
megaloblasts aspirated from the marrow of such patients matured rapidly 
wheneulturedin normal serum but not m serum from patients with pernicious 
anaemia Moreover, the greater the concentration of pernicious anaemia 
serum m the culture, the greater the inhibition of maturation, while similar 
increases in the concentration of normal serum had no such effect While 
non-maturation m pernicious anaemia serum could be explained by lack of 
a maturation factor, the finding of a greater percentage of immature cells 
with an increase in the concentration of serum suggested the presence of 
an inhibiting agent Haj r s (2) found that normal human or rat serum 
produced a reticulocyte increase m bone marrow cultures but that serum 
from one patient suffering from pernicious anaemia in relapse did not 
Norris and Majnaricb (3) described an inhibition of cell proliferation by 
pernicious anaemia serum in bone marrow culture They have shown that 
a similar effect is produced by 6erum from cases of leukaemia and neoplastic 
diseases Osgood and Brownlee (4) also noticed poor grow fch of cells in 
pernicious anaemia serum Smce evidence of an inhibitor agent m the 
serum would necessitate some revision of current theories regarding the 
nature of pernicious anaemia a further series of experiments was planned, 
the results of w hicli are recorded here 

Methods 

Marrow cells aspirated from patients suffering from pernicious anaemia 
m relapse were cultured m varying proportions of normal and pernicious 
anaemia plasma The influence of the medium upon cell maturation was 
assessed by differential erythroblast countB on smears prepared before and 
after 18 to 20 hours culture at 37 5°C , the cells being graded according to 
nuclear maturity 

* This work was earned out durmg the tenure of a Research Scholarship at King’s College, 
Newcastle upon Tmc endowed bj Messrs Glaxo Ltd , Greenford, Middlesex. Thanks are also 
due to Dr C C Unglej, who provided the necessary clinical and laboratory facilities and to 
Mr H Campbell, Nuffield Department of Industrial Health, King’s College, Newcastle upon 
Tvne, for help in statistical analysis of the results 
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The method of bone marrow culture used was essentially that devised 
by Osgood and Brownlee (4) Aspirated marrow cells were cultured m a 
medium consistmg of plasma or serum diluted with physiological saline 
(Gey’s solution) contamed m serum bottles of 20-25 cc capacity In a few 
experiments a modification was employed permitting multiple cultures from 
a small volume of marrow (6) When plasma was used heparin was employed 
as an anticoagulant m a concentration of about 1/20,000 , at this dilution it 
does not inhibit cell growth 

Erythroblasts were classified by a method similar to that employed by 
Davidson, Davis and Innes (1) m their observations on the changes occurring 
m pernicious anaemia manow after hvei therapy This classification is 
briefly as follows — 

Type I These are large basophilic cells measuring 18p or more 
in diameter The nucleus is pale and consists of fine reticulated 
chromatin , nucleoli may be present 

Type II These are rather smaller cells , the cytoplasm may be 
basophilic or polychromatic The nucleus is more deeply staining than 
Type I and the chromatin net is coarser , no nucleoli aie present 

Type III These are smaller still, the cytoplasm ma) be baso- 
philic, polychromatic, or eosinophilic Nuclear chromatin is much 
more densely clumped 

Type IV The smallest and most densely staining cells seen and 
corresponding to the usually accepted description of a late normoblast 

Experience showed that a count of 400 cells was sufficient for an accurate 
assessment of the maturity of a culture , 100 cells u ere counted from each 
of 4 slides The results as presented here are simplified by combining the 
percentages of Types I and II erythroblasts It was found that the per- 
centage of these two types gave a satisfactory index of the maturity of a 
culture The standard error for each group of results is given , observations 
differing by more than twice this figure are considered significant 

Occasional cultures became infected, all such experiments were discarded 
Death of a culture also occasionally occurred , it w as always obvious from 
the loss of cellular outline, vacuolation of the cytoplasm, and loss of nuclear 
pattern — resembling the appearance of marrow aspirated post mortem 

All the patients v ere later used for clinical trials of vitamin B 12 , the 
hamiatological criteria and dietary control are described elsewhere (7) 

1 Culture in normal plasma 

The effect of varying the concentration of normal plasma on the 
maturation of marrow cells v> as first determined The results given m 
Table I demonstrate that there is no significant difference m the degree of 
maturation m cultures containing between 10 and 100% of plasma 
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TABLE I 


i 

i 

Experiment 


Percentage of Types I and II erytliroblaats 

! 

t Standard 
error 

t 

1 

Initial 

count 


After culture m normal plasma 
10-100% 


10% 

20-30% 

40% 

, 00-06% * 

80% 

100% 

I 

62 6 

— 

33 0 , 

39 0 

1 

34 0 

33 76 

i 32 

IX 

62 0 

— 

2816 

— 

24 76 ’ 

— 

— 

1 20 

III 

01 0 

— 

48 76 | 

40 6 

' 44 25 

— 

— 

1 3 2 

IV 

48 0 

1 13 26 

12 76 

— 

16 6 

14 0 

I 

1 0 

V 

43 5 

1 

21 0 

18 26 

— 

22 76 

21 6 

— 

2 1 


2 Culture in pernicious ancemta plasma 

In this senes of experiments, cultures Mere earned out m varying 
percentages of pernicious amemia plasma It Mas found that there Mas 
always a higher percentage of immature cells m the culture contaimng a 
high concentration of plasma than in those with a Iom concentration A 
control culture Mas usually made in normal plasma and alu ays shoved 
greater maturation than m an equal strength of pernicious amemia plasma 
These findings suggested that maturation Mas inhibited m the pernicious 
antenna plasma and that the effects could not be explained by a simple 
absence of a maturation factor This inhibitory effect varied with different 
specimens of plasma , presumably this is explained by a varying concen- 
tration of the inhibiting agent 


table n 


Percentage of Types I and H erythroblasts 

After culture Stan 


Expert dard 

ment Initial ( Pernicious amemia plasma error 

count Normal 




plasma 

10% I 

20% 

40% 1 

50% 

00% 1 

80% 


I 

48 0 

14 50 

— 

18 5 

— 

32 0 

— 

41 0 

3 2 

II 

67 2 

— 

j 

32 0 

— 

32 4 1 

__ 1 

44 8 

34) 

III 

43 76 

19 0 


— 

30 6 

— 

_ 1 

41 25 

4 9 

II 

06-0 

23 76 

31-0 

— 

37 25 i 

- 1 

— 

49 0 

1 8 

V 

33 0 

4 25 

— 

0 75 

— 

m 

11 5 

— 

1 C 
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3 Effects of adding pernicious ancemia plasma, to normal plasma 

The results of the above experiments having suggested the presence 
of an inhibitor in pernicious ansemia plasma, confirmation was sought by 
adding it m varying proportions to normal plaBma Were an mlubitor 
present it should, if added m sufficient amount, annul the maturing effect 
of normal plasma The results summarised m Table III demonstrate that 


TABLE m 



1 

Percentage of Types I and EC erythroblasts 


Expen 

ment 

: 


After culture 

Stan 
dard 
| error 

Initial 1 
count 

NP 

20% 

i 

n p : p a p 
40% 20% 

1 

PAP 

40% 

PAP 

20% 

NP 

20% 

PAP 

10% 

NP 

20% 

PAP 

5% 

NT 

35% 

PAP 

80% 

: 

i 

514 J 

1 1 

1 

' 

' 

29 6 j — | 

45 4 

47 8 


1 30 2 

56 6 

1 

| 26 

ii i 

. 

69 0 

— 

41 75 | — 

67 0 

| 68 26 

— 

56 0 ! 

— 

2 6 

in ! 

58 0 ( 

| 

12 26 J — 

34 5 

30 25 

— 

24 0 

1 — 

3 4 

IV 

40 0 

' 

16 25 j 

— j 26 0 1 

— 

30 0 

13 75 

10 5 

— 

3 2 

V 1 

48 0 | 

i 

' 6 26 1 

1 

7 25 j 21 25 j 

27 50 

20 0 

— 

— 

— 

0 8 


N P — Normal plasma 

P.A.P — Pernicious ansamio plasma 


such inhibition did ocour In experiment 1 culture m 40% normal plaBma 
produced a reduction of immature cells from 51 4 to 29 6%, whereas culture 
m 40% permoious anaemia plasma produced a barely significant maturation 
to 45 4% Culture m a mixture of 20% normal and 20% pernicious anaemia 
plasma resulted m no greater maturation than m permoious anaemia plasma 
alone Since 20% and 40% normal plasma have the same maturing effect 
this absence of maturation m mixed plasma must be due to an inhibitory 
effect from the added pernicious anaemia plasma In a further culture 5% 
of pernicious amentia plasma uas added to 36% of normal plasma , matura- 
tion was as complete as m normal plasma alone Finally, after culture in 
80% permcious anaemia plasma there were as many immature cells as m 
the initial count and a greater percentage than m 40% pernicious anaemia 
plasma 

The other four experiments show similar results Experiment 2, and 
to a lesser extent experiment 3, demonstrate that an inhibiting effect can 
be produced by even 5% of permcious anaemia plasma In experiments 
1 and 4 however, this concentration had no effect so that plasmas from 
different patients probably contam varying amounts of inhibitor The 
anomalous count m experiment 4 after culture m 40% permcious anaemia 
plasma is probably due to experimental error 
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Discussion 

It has always been assumed that the very remarkable and characteristic 
abnormality of haemopoiesis seen in pernicious amentia was caused by the 
absence of an antipemioious antenna principle directly necessary for the 
normal maturation of marrow cells The observations reported above 
suggest the presence in pernicious anaemia plasma of an agent capable of 
antagonising the maturing effect of normal plasma m culture It seems 
reasonable to suppose that there is a similar inhibiting effect m the body 
and that the mechanism of the haemopoietic disorder m pernicious anaemia 
is more complex than has been thought It is possible that the inhibition 
18 produced by a competition mechanism, blocking an enzyme system 
necessary for the synthesis of some nuclear constituent of marrow cells 
Further speculation does not appear justified until evidence has been obtained 
of the nature of the inhibitory agent 

SUMMARY 

Evidence is produced to confirm the presence m pernicious anaemia 
plasma of an agent which inhibits xn vitro the maturation of primitive marrow 
cells obtained from patients suffering from pernicious anaemia m relapse 
This agent can annul the maturing effect of normal plasma It is suggested 
that a similar inhibiting effect occurs m the body and that the mechanism 
of the haamopoietic disorder m pernicious anaemia is more complex than a 
simple deficiency of a substance necessary for the normal maturation of 
red cell precursors 
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AN INHIBITORY FACTOR IN PERNICIOUS AN/EMIA SERUM 

By L G LAJTHA * 

(Fiom the Department of Clinical Pathology, Radchffe Infirmary, Oxford ) 

Prfliminarx w ork with bone marrow culture suggested the presence of a 
factor in rhe serum of patients suffering from pernicious antenna which 
inhibited the conversion of megaloblasts to normoblasts (7, 8) The present 
report is concerned with confirming these findings and investigating the 
nature of this faotor and the relationship between it and hremopoietio 
principles such as folic acid and vitamin Bjo 

Method 

Cell suspensions from 31 human sternal marrows were cultured in vitro 
at 37°C using a modified Osgood technique (0) In the earlier experiments 
the fluid culture medium consisted of 35% fresh human serum and G5% 
Gej solution (2) Later the proportion of serum to Gej solution was \aned 
and in some experiments the Gej solution was replaced by Ringer solution 
The maturation of the cells was followed by means of total counts and 
differential counts on stained preparations in G, 12, 24, 48, 72 and 00 hour 
cultures 

The percentage differences given m the tables (Tables I— VIII) were 
confirmed h> calculated absolute counts which show that tliej represent 
real, and not mcrel} relative, changes in the numbers of normoblasts and 
megaloblasts Such changes may be due to a conversion of one cell type 
into tho other, or to a dying off, or proliferation of either A\ailable 
evidence stronglj r suggests that it is the com ersion of one type to the other 
that is taking place, but it is too complex to be discussed at length here, 
and a full account, together with a description of the culture technique 
and the maturation of 24 normal marrow samples will be published clse- 
w here 

The term ‘ ripening ” will be used to signify the transformation of 
megaloblasts to normoblasts and the term “ maturation ” for the develop- 
ment of later cell forms from xounger forms in both normoblastic and 
megaloblastic senes of cells 

* It n « pleasure to exprow m\ gratitude to Dr R G Ararfarlane Dr R Bigg* Dr 
S T E Callender and Dr A H Spriggs for the trouble thej have taken in counting mnn\ 
of the slide* as independent observer* 

I also wi«h to express nvo great indebtedness to Dr S Lowinger (Budapest) under whose 
direction this work was started and to Dr R G XTacfariane and Dr Tenet Xaughsn for their 
mo<t helpful criticism and encouragement during the experiments 


288 


LAJTHA 


Experiments and results 

I — Culture of megaloblastic marroiv in diluted normal and 'pernicious anosmia 

serum 

Marrow samples from 10 patients with untreated pernicious anaemia 
were cultured both m 36% normal serum and m 36% pernicious anaemia 
serum The megaloblasts ripened m both media although usually to a 
lesser extent m the pernicious ansemia serum (Table I) 

TABLE I 

Ripening of megaloblasts in normal and tn pernicious anaemia serum 
(36% serum and 66% Gey solution ) 


Megaloblasts/100 nucleated red cells 


No of 
exp 

J Initial count 

i 

. 

48 hr cultures in 

Normal serum | P A serum 

B4 

1 

23 6 

1 3 6 

0 6 

B6 

1 41 6 

90 

10 6 

BOa 

' 70 0 

12 0 

30 0 

BOb 

1 79 0 

0 0 

10-0 

B19 

[ 20 0 

06 

2 5 

Bll 

1 14 0 

1 0 

00 

B13 

32 6 

46 

06 

BIO 

36 0 

7 0 

76 

N3 

1 31 0 

10 0 

20 0 

N66 

48 0 

32 0 | 

30 0 


ThiB behaviour might be explained by the supposition that there is 
only a partial lack of hsemopoietic factor in pernicious anamua serum This 
assumption does not explain why the megaloblasts ripen m vitro while the 
patient remains still m relapse Alternatively, it seemed possible that 
there is a local inhibition m vivo which is not present m vitro, or as seoms 
more likely, there is an inhibitor present in the serum the effect of which 
is reduced by the dilution used in the cultures Experiments were designed 
to test this last supposition 

n — The effect of increasing the concentration of serum m the medium 
In an initial experiment the concentration of serum was increased by 
reducing the percentage of Gey solution in the culture medium to 36% 
(concentrated serum) 
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Tlio megaloblasts which represented 37 5% of the nucleated red cells 
in the initial count, ripened in 48 hr culture m concentrated normal serum 
to 10 5% , m contrast the} did not ripen m concentrated pernicious aiuenua 
scrum, tlie 48 lir culture allowing still 30 5% 

In three further experiments series of serum dilutions were prepared 
ns culture media, and the results indicated that increasing the concentration 
of pernicious nmonua serum decreased the ripening of megaloblasts 

To obtain further confirmation of the inhibitory effect, experiments 
u ith normal and pernicious antenna serum in diluted and concentrated form 
were carried out An increase m the concentration of normal serum m 
the medium increased the ripening of megaloblasts while an increase in the 
concentration of pernicious anaemia serum again decreased the ripening of 
megaloblasts (Table II and Fig 1) 

table H 

Scrum dilution experiments 
( Diluted scrum 35% scrum and C5% Gey solution 
Concentrated scrum G5% scrum and 35% Gcij solution ) 


Megnloblnstfl/100 nucleated red cel 1 m 
Cultures m 


No of 
exp 

Initinl count 

Normal serum 

P A serum 



Diluted 

Concentrated 

Diluted 

Concentrated 

»n 

140 

1 0 

00 

00 

2 0 

B13 

32 5 

4 5 

20 

9 5 

10 7* 

BIG 

35 0 

70 

50 

7 7 

130 

B27 

23 5 

1 0 

05 

1 5 

4 0 

\3 

31 0 

190 

11 0 

20 0 

2S-0 

MG 

35 0 

13 0 

7 0 

70 

24 0 

B1 . 

05 0 

170 

100 



B22 

7b 0 



b 0 

27-0 

11 .'3 

2 5 



00 

30 

Bi-In 

70 0 



3 7 

21 0 

Ii-Mb 

70 0 



7 7 

17 5 

M7 

IS 4 



7-0 

18-0 

Mu 

14-0 



30 5 

40-0t 


* Counted bv two independent ob-ervcr« 
t Counted bv three independent ob-ervero 
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THE EFFECT OF VARYING THE CONCENTRATION OF NORMAL AND 
PERNICIOUS ANAEMIA SERUM IN THE CULTURE MEDIUM 



FIG 1 

It was concluded from these observations that there is a positive 
inhibitory factor present in the serum of patients with untreated pernicious 
ansemia the effect of which can be diluted out 

HI — The effect of pernicious ancemia serum on normal bone manow 

When normal bone marrow was cultured m concentrated pernicious 
ancemia serum no significant change in the maturation rate of normoblasts 
could be detected but a varying percentage of megaloblasts developed in 
72 hr cultures (Table III and microphotographs) This effect was not 
obtained with dduted pernicious ancemia serum, giving further evidence for 
the presence of an inhibitory factor in such serum The highest proportion 
of megaloblasts developed m marrow samples which showed the most active 
erythropoiesis The serum from patients under hver treatment did not 
produce this effect 


IV — Thermostability of the factor 

Pernicious ancemia sera were heated to 56°C for 1-2 hours and cultures 
of megaloblastic and normoblastic marrows were made m parallel m fresh 
and heated serum The inhibitory effect was unaltered by this degree of 
heat showing that the factor is thermostable 
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TABLE m 

The effect of pernicious anwmta sera on normoblastic marrows 
(80% serum and 20% Ringer solution ) 


Megnloblasta/100 nucleated red cells 


No of 
erp 

Initial count 

72 hr 

Normal serum 

cultures m 

P A serum 

NO 

00 

00 

1 

40 

NO 

i 00 

, 0 0 

00 

N8 

00 

00 

8 G 

Nil 

00 

t 00 

' 1 0 

N7I 

00 

00 

l 28 0* 

N73 

00 

00 

! i o 

N74 

00 

00 

i 

70 

N75 

00 

00 

30 


* Counted by fu e independent obsen ere 

V — Presence of the factor in the cerebrospinal fluid 
The possible presence of the inhibitory faotor m cerebrospinal fluid 
of patients with untreated pernicious anaemia was next investigated (The 
suggestion of using cerebrospinal fluid was made by Dr C C Ungley ) 
The leasons for using cerebrospinal fluid w ere that the low protein content 
might make further attempts to isolate the factor easier, and that it had 
been found technically difficult to obtain suitable serum ultrafiltrates which 
u ere both sterile and sufficient m amount 

As may be seen m Tables IV and V normal cerebrospinal fluid behaves 
bko normal serum, and pernicious amemia cerebrospinal fluid shows a 
positive inhibitory effect 

TABLE IV 

The effect of cerebrospinal fluid from pernicious aneemia patients, on normoblastic 
and megaloblastic marrows 

Megnlobloste/100 nucleated red cells 
1 I 72 hr cultures m 


No of ! | 

exp Initial count Normal PA 

' i i 


1 

. . t 


1 , 

J Serum > 


CSF 

Serum 

C.S.F 

1 

N73 t 

00 

l 

1 

00 


00 

14 0 

40 

N76 

00 

1 00 


0-0 

80 

20 

N7C 

35 0 

| 60 

1 

00 

24 0 

i 1 

17 0 
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TABLE V 


Dilution experiment# vnth cerebrospinal fluid from pernicious anwmta patients, on 

megaloblastic m arrows 



Megaloblasts/100 nucleated red cells 


1 

72 hr cultures in 


No of 





exp 

Initial count 


20% P A serum 


1 

90% P.A serum 1 

+ 10% Ringer solution 

+ 80% Ringer 

+ 80% P.A. 
CSF 

N76 

35 0 

24 0 

70 

170 

N77 

18 4 

23 0 

i 

17 0 

29 5* 


* Counted by three independent obaen ere 


VI — The effect of antipemicious anamta factors vn mho 

(а) Folic acid Cultures of megaloblastic marrows were set up in 
parallel with and without the addition of folic acid (Folvite, Lederle 2 0 jig /ml 
medium) both m normal and m pernicious anaemia sera (Table VI) The 
results show that folio acid had a significant ripening effect on megaloblasts 
m both media 

(б) Liver extract Similar experiments were made adding liver extract 
(Pernsemon forte, Organon, 0 03 ml /ml medium) to the cultures in place 
of the folic acid The hver was found to have a similar direct ripening 
effect (Table VII) 

(c) Vitamin B n The effect of two preparations of vitamin JB 12 was 
assessed (Cobione, Merck and Cytamen, Glaxo, 0 1 fig /ml medium) The 
results are m striking contrast to those obtained with foho acid or hver 
extract There vas clearly no significant ripening effect of the vitamin B 12 
on megaloblasts t» vitro m this concentration, neither did it inhibit the 
development of megaloblasts from normoblasts (Table VIII) 

Discussion 

The accumulated evidence from these experiments pom ts to the presence 
of an inhibitory factor m the serum aDd cerebrospinal fluid of patients vnth 
pernicious anaemia m relapse There is no evidence that this is an abnormal 
factor , it may be a physiological factor the effect of v hich is normally 
overcome by a hsemopoietic factor The concept that pernicious ansemia 
is not merely a deficiency disease but is due also to the presence of an inhibitor 
or “ toxin ” in the organism is supported by some of the earlier experimental 
work on pernicious ansemia (1, 3, 4, 5, 9) 

The experiments m which normoblastic marrows became megaloblastic 
tn vitro strongly suggest that the megaloblasts were derived from normoblasts 
For example in an original ly normoblastic marrow, where the predominant 
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TABLE VI 


The effect of folic acid itmi tro oil mtgalobfashc marrows 



Megaloblsstw/lOO nucleated red cells 

Ko of i 
exp 

i 1 

Initial count j 

48 hr cultures m 

Normal serum 1 Norms! serum -f folic acid 

B3 

50 3 

1 

15 5 

40 

B4 

23 5 , 

12 5 

4 5* 

B r > 

1 41 5 

0 5 

50 

B6 

79-0 

12 0 1 

1 0* 

B7 

37 5 | 

10 5 

8 6 



4 

:8 hr cultures in 


] 

| r.A serum ! 

PA serum + folic acid 

B6 

41 5 

10 5 

12 0 

BO 

j 79 0 

30 0 

13 0 

B7a 

37 5 

30 5 

30 5 

B27 

23 6 

40 

00 

NOOa 

1 10 0 

20 0 

06 

NOflb 

' 10 0 

5 0 

00 

N07 

j 40 7 

| 40 8 

| 20 Of 

NOD 

40 0 

| 23 0 

14 0 

N70 

31 5 

38 0 

10 0 

N7G 

35 0 

24 0 

50 

N78 

37 0 

i 28 3 

1 

loot 


* Counted bj to o independent obsen ere 
f Counted by fit c independent ob6en era 
t Counted bj three independent obsen ere 


TABLE VH 

The effect of liver extract m vitro 

Megaloblaste/100 nucleated red colls 


No of 
exp 

Initial count 

t 

48 hr 

PA. serum 

cultures in 

j PA scrum 

i + liver 

B7a 

i 

37 5 

30 5 

1 

15 0 

B7b 

37 5 

27 0 

i 

16 5 

BS 

75 

1 1 

7-0 


1-0 






294 


LAJTHA 


TABLE Vm 


The effect of vitamin B 1S in vitro 


1 


Megaloblasts/100 nucleated red cells 


No of 



48 hr cultures in 


exp 

1 

Initial count 

P.A serum 

P.A. serum 

P.A serum 




+ Bj. 

+ folic acid 

NOG 

16 0 

20 0 

14 0 

9 5 

N07 

46 7 

i 46 6* 

43 0 

29 6 

N69 

46 0 

23 0 

27 0 

14 0 

N70 

31 6 

1 38 Of 

41 0 

19 0 

N70 

3S 0 

24 0 

14 0 

50 

N78 

37 0 

28 5 

i 

| 24 5 

17 0 

N73 

00 

1 3 0 

20 


N74 j 

0 0 

7 0 

i 4 0 


N76 

00 

1 20 

| 50 


N79a 

14 0 

46 0 

440 


N79b 

14 0 

46 0J 

42 0 



* Counted by five independent observers 
t Counted by three independent obseri era 
I Counted by three independent observers 


form of nucleated red cell was the polychromatic normoblast, during the 
culture in pernicious antenna serum 28% megaloblasts developed Numerous 
transitional forms from normoblasts to megaloblasts weie seen and there 
v as no indication from the mitotic index that this large number of megalo- 
blasts had developed from a particular “ young ” cell form 

TIus would imply that m the pernicious antenna culture medium there 
is a change m the metabolism of the normoblasts which results, morpho- 
logically, m the megaloblastic form and, functionally, m a slover maturation 

There is at present insufficient evidence for the incorporation of these 
findings mto any comprehensive scheme of erythropoiesis Nevertheless, 
it is important at every stage m experimental work to put forward a 
provisional hypothesis which may form the basis of later observations A 
hypothesis which is compatible with the results so far obtained is outhned 
m Tig 2 The mechanism of development of megaloblastic antennas 
according to this scheme could be as follows 

(a) Tolic acid, which is possibly a general growth factor, acts directly 
on the cells,??) intro and acts in vivo without the help of liver factor or vitamin 
B 12 Tohc acid deficiency produces megaloblastic antennas which respond 
only to folic acid So far as is known no megaloblasts are resistant to folic 
acid , even m antennas of complex origin where the htemoglobm synthesis 
is impaired by other factors, the megaloblastic marrow returns to normo- 
blastic marrow by treatment with folic acid although this is not necessarily 
followed by a satisfactory rise m haemoglobin level 
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(b) The activity of the fohc acid normally present is inhibited by a 
factor present in the serum and cerebrospinal fluid It is suggested that 
the effect of this inhibitory factor is normally counteracted by the active 
liver principle (hamiopoietic factor) If hemopoietic factor is absent, e g , 
m pernicious antenna, the effect of the mlubition becomes evident It may, 
lion ever, be overcome by mass action with relatively large doses of fohc 
acid 

(c) The experimental findings indicate that liver and a normal serum 
contain a bmmopoietio factor uhich is not identical with crystalline B 12 
It is possible that the B n molecule acts as a coenzyme to an enzyme system 
and has to be transformed by the organism to the active luemopoietic factor 
Either B 12 or the hemopoietic factor is concerned with the normal function 
of the central nervous system 

( d ) The Bjo content of the organism depends on the intake m the food, 
intestinal synthesis and absorption and the presence of the “ intrinsic 
factor ” 

Vitamin B 12 Vitamin B 12 m intestine Intestinal 

in serum ' + intrinsic factor milieu 


Fohc acid 


HumopoietlC factor counteracts 

(also C N S factor) t,,Q ac ’ tl0n ° f 


Inhibitor 


“ Nuclear structure ” 

Fig 2 A tentative Reheme for the interrelationship of factors controlling normoblastic 
ervthropoiesis 


The pathological mechanism of pernicious amenua according to this 
hypothesis vould be that lack of intrinsic factor causes a deficient absorption 
of vitamin Bi 2 from the intestine Lack of B I2 results in a disturbance m 
the metabolism of the central nervous system and the failure to counteract 
the effect of an inhibitory factor in the serum Tins will result m degenerative 
changes in the central nervous system and an inhibition of the action of the 
normal fohc acid let el The latter can be o\ ercome by mass action of fohc 
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acid This will not influence the central nervous degeneration which will 
continue to progress Parenteral administration of crystalline B 12 or hver 
alone however, will restore normal erytliropoiesis and arrest the central 
nervous changes 


Summary 

1 Evidence is presented for the presence of a factor in the serum of 
patients with untreated pernicious anaemia which inhibits the ripening of 
megalohlasts to normoblasts m hone marrow cultures 

2 This factor will cause the transformation of normoblasts to 
megalohlasts in cultures of originally normoblastic marrows 

3 The factor is thermostable 

4 It is present in the cerebrospinal fluid of patients in relapse 

5 Eohc acid and hver extract will overcome the effect of the inhibitory 
factor m vitro 

0 Vitamm B 12 has no influence on the inhibition in vitro 

7 A soheme is presented for the interrelationship between the 
inhibitory factor and haanopoietic principles and a possible mechanism of 
megaloblastio antennas is discussed 
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OBSERVATIONS ON THE STRUCTURE OE CLUBBED FINGERS 


By R R H LOVELL * 

( From the Medical Dcjiartmcnt and Medical Unit, St Mary's Hospital 

Medical School, London ) 

Clubbing of the fingers has been recognised for centuries It has well 
known associations with a \anety of apparently unrelated disorders and 
may occur as an isolated hereditary deformity Yet not only has the 
pathogenesis of clubbing remained a matter of speculation but there is 
little agreement on the nature of the structural change in the finger ends 
which accounts for their appearance 

The purpose of this investigation has been to determine the structural 
basis for the appearance of clubbing The observations fall into two groups 
namely those made during life and those made on fingers obtained at 
necropsy 

Part 1 Clinical observations 
The physical signs 

Clubbed fingers associated with a % anety of diseases u ere examined to 
analyse the features winch distinguish them from normal fingers These 
features may be considered as (a) those which are constantly found and 
(b) those ulnch, though common, are not constant The former reflect 
the essential structural changes and it is on their recognition that the 
clinical diagnosis of clubbing depends 

(a) Constant changes 1 The shape of the distal segment of the 
finger is altered Though this uas noted by Pigcanx (1) and emphasised 
by Lovibond (2) clubbing is still sometimes incorrectly described as 
symmetrical enlargement of the distal finger segment When the finger is 
viewed laterally, there is on the dorsal contour a flattening of the normal 
obtuse angle formed by the proximal part of the nail with the plane of the 
soft tissue covering its root Tins alteration in shape contrasts until the 

* I wish to thank Dr* 0 G Barnes ^ D Brooks Maurice Campbell, J \\ Litchfield 
and K R Stokes for permission to stud\ patients under their care Dr H E HoUmg for his 
assistance m findmg suitable cases Dr R f Grant and Professor W D Newcomb for supph ing 
necrops\ specimens Dr J J Pritchard for Ins help in cutting frozen sections Dr K R 
\\ llson for the photomicrographs, and Dr A H James for his help with the statistics 

Tins work was started at the suggestion of Professor G \\ Pickering to whom I am grenth 
indebted for constant encouragement and ad\ ice 

Tlie photographs were token In Dr P N Cardew Mr K G Morcman and Ilford Ltd 
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shape of the finger showing symmetrical enlargement of the distal segment, 
in which the contours on the dorsnm remain comparable to those of a 
normal finger An unusual case of hypertrophy of the distal segment of 
one index finger, the cause of which was not determined, illustrates the 
difference (Fig 1 ) 



Jug 1 Tracings from photographs The normal and hypertrophied fingers am index 
fingers of the same subject, referred to in the text 


2 The texture of the tissues is altered This is apparent on palpating 
over the nail bed where fluctuation is greater than in normal fingers The 
nail plate is unusually mobile both laterally and longitudmally 

3 The distal segment is increased m volume This change, winch is 
often obvious on mspectioh, v as confirmed by measurement m two cases 
in which the reduction of clubbing, induced by treatment of the associated 
disease, was accompanied by reductions m distal segment volumes of 0 93 
ml (12%) and 0 43 ml (10%) respectively (Cases 2 and 3 described later ) 

4 The shape of the nail, which vanes greatly m healthy people, 
usually shows increased curvature m one or both planes The form of the 
nail is a manifestation of earlier events m the nail bed and root Thus an 
illness or penod of mental stress may be manifest by distally convex 
transverse ridges m the nails, known as Beau’s hnes, which grow out and 
leave in time healthy looking nails Nails of fingers developmg clubhmg 
rarely indicate a sudden change of this sort , usually they gradually assume 
a curved deformity The remission of clubbing hov ever, if rapidly induced 
by the rehef of the associated illness, may be manifest in the nail plate by a 
distmct line of demarkation between the abnormally curved and the 
succeeding healthy nail 
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Case 1 Female, aged 20, suffered from rheumatic carditis and 
subacute bacterial endocarditis The fingers w ere moderately clubbed u hen 
treatment with Penicillin was started on the 6th November, 1047 On 2nd 
February, 1048, the fingers were no longer clubbed but the nail plates 
showed m varying degree the angular deformity illustrated m the right 
thumb m Fig 5 (n) Trans\er6C cursed ridges and grooves were present 
at the angulations Measurement of a nail plate showed the ridge to be 
about 10 mm from the nail root, representing some twehe weeks growth 
at a normal rate The Penicillin therapy was actually started 121 weeks 
before On 16th April, 1048, the patient was well and the fingers appeared 
normal (Fig 6 (b) ) 

A similar sequence of changes lias since been sought and observed in 
other patients with subacute bacterial endocarditis cured with Penicillin 
Such cases provide direct evidence of change affecting the nail matn\ in 
clubbing 

( b ) Inconstant changes These include enlargement of the pulp of the 
finger, flushing of the skin round the nail and longitudinal stnations in the 
nail which some patients claim grows faster than usual Unusual glossiness 
of the skin over the nail root is often apparent, the fine fissures ordinarily 
present disappearing for 6 to 7 mm proximal to the eponychium These 
manifestations of clubbing may be variable because they are not essential 
features or because they are modified by either the patient s occupation or 
the manicuring to which he submits his fingers 

The scqvcncc of changes 

The earliest signs of clubbing are found m the region of the nail bed 
Increased fluctuation m this region, though not susceptible to exact 
measurement, occurs before any obvious alteration in volume or contour 
It may be accompanied by loss of Assuring in the skin of the epony dual fold 
and flushing of the skin m this region mentioned already Since it is 
usuallv much easier to see the early changes m the dorsal contour than to 
feel the increased fluctuation, the former constitutes the first incontrovertible 
sign of clubbing 

Classification 

An entirely satisfactory classification of degrees of clubbing was not 
attained and it was thought that the appearances of clubbed fingers depended 
to some extent on the initial form of the distal finger segments In 
describing the deformity the following degrees of clubbing were denoted — 

Slight Increased fluctuation over the nail bed Flattening of the 
dorsal contour 

Moderate Increased fluctuation over the nail bed Flattening of the 
dorsal contour Appreciable enlargement of the pulp Increased 
curving of the nail 
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Marked Increased fluctuation over the nail bed Flattening of the 
dorsal contour Conspicuous enlargement of the pulp Increased 
curving of the nail 

Gross Conspicuous fluctuation over the nail bed Flattening of the 
dorsal contour with raising of the whole nail bed region Con- 
spicuous enlargement of the pulp Conspicuously increased curving 
of the nail 

This analysis of the features which distinguish clubbed from normal 
fingers and those otherwise deformed indicates the nail bed as the site of 
early and constant changes 

Structural changes in clubbed fingers 

Alteration m any of the tissues composing the distal finger segment 
might in theory account for the shape of clubbed fingers Thus the distal 
segment may be considered m terms of the skin and its appendages, hone, 
tissue fluid, blood, blood vessels and interstitial tissue 

In the skin and its appendages no alteration was found, apart from 
that of the nail plate already described, which might affect the shape of the 
finger 

Bone changes m the terminal phalanges have been studied radiologically 
Locke (3) found that 22 of a series of 39 cases of clubbing showed no bone 
changes In those with changes there was an irregular hypertrophy of the 
distal half of the terminal phalanges The phalanges clearly do not 
ordinarily contribute to the changes in the shape of the fingers 

(Edema of the distal segment is difficult to demonstrate clinically even 
in such cases as superior vena caval obstruction when the arms and hands 
are swollen Increase in tissue fluid in such cases is manifest in the parts 
where connective tissue is loose, but the firm fibrous structure of the distal 
segment prevents obvious accumulation of fluid Such cases do not develop 
the appearances of clubbing Compression of the fingers with an elastic 
bandage in a patient with osteoarthropy associated with bronchial carcinoma, 
whose hands and feet were oedematous, failed to alter the shape of the 
cluhbmg though the constricting bandage reduced the oedema in the more 
proximal finger segments Such evidence is against oedema alone being the 
basis for the shape of the fingers 

If the shape m clubbing is due to dilatation or proliferation of blood 
vessels alone, it should he possible by compressing the finger firmly with 
an elastic bandage to empty the blood vessels and restore a normal shape 
In clubbmg associated with bronchopulmonary diseases, subacute bacterial 
endocarditis and ulcerative colitis such compression has failed appreciably 
to alter the shape of the finger In some cases associated with cyanotic 
congenital heart disease an alteiation m shape was induced by this method, 
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though the fingers remained indisputably olubbed The alteration in shape 
uas accompanied by a diminution in tension in the tissues at the base of 
the nail, a change which could not be detected with certainty m other cases 

These observations suggest that the shape of clubbed fingers is 
essentially dependent on an increase m tissue, though m addition an 
increased vascularity is indicated m some cases associated with cyanotic 
congenital heart disease The region of the nail bed is again emphasised 
as the site of prominent change 

The nature of the increased volume in clubbed fingers 

The demonstration that an increased vascularity m clubbing does not 
account entirely for the shape of the finger doeB not preclude the presence 
of such a change At least a functional vascular change, an increased 
blood flow, has been demonstrated (4) An attempt w as therefore made to 
compare the blood volumes of the distal segments of clubbed fingers and 
normal fingers 

Method. To attain uniformity, middle fingers were used The distal 
segment volume was first measured by the method described by Lennard- 
Jones* (6) The hand was then raised above the head until it paled, when 
an elastic bandage about 1 cm wide was wound firmly over the finger, 
starting at the tip The distal part of the bandage was unbound and the 
bandage made fast at the base of the finger so as to continue to occlude the 
digital arterial pulses The distal segment volume was measured once more 
In each case the volume recorded was the mean of three measurements 
The difference between these volumes was recorded as the reducible finger 
volume and u as expressed as a percentage of the initial finger volume This 
percentage reduction m volume w as regarded as an index of the blood volume 
m the distal finger segment The variations m the measurements of the 
same fingers on different days were between 0 1 and 0 4 ml for initial 
volumes, between 0 02 and 0 20 ml for reducible volumes and between 0 3 
and 7 0 for percentage reductions m volume 

Results Observations were made on 14 normal subjects, 10 subjects 
with clubbing associated with bronchopulmonary diseases and 8 subjects 
with clubbing associated with cyanotic congenital heart diseases The 
results are shown m Table I In Group I the mean initial volume was 
4 97 ml (S D 1 90), m Group II 0 GO ml (S D 1 47) and in Group III 4 55 
ml (SD 2 14) 

The mean percentage reduction m volume m Group I w as 4 34 (S D 
1 98), m Group II 5 03 (S D 1 93) and in Group III 8 48 (S D 3 14) In 
this respect Group II does not differ significantly from Group I (P = 0 4) 
but the mean percentage reduction m volume in Group III is significantly 
gre ater than in Group I (P — 0 01) and Group II (P = 0 02) 

I am indebted to Dr Lennard-Jones for the full details of Ihb method which he supplied 
in a personal communication before the paper referred to wa? published 
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In drawing conclusions from these figures it is necessary to consider 
the possibility of a correlation between the initial finger volumes and the 
percentage reductions m volume (Fig 2 ) Owing to the relatively small 
stature of the congenital heart cases, which show the greatest reductions in 
volume, their finger volumes tend to be small and this might be held to 
account for their greater reducibihty Calculation shows no such correlation 



2 4 6 0 10 12 M 16 

7 REDUCTION OF VOLUME 
Fig 2 


These measurements indicate no appreciable difference m blood volumes 
in the distal segments of normal fingers and clubbed fingers associated -with 
bronchopulmonary diseases as a whole The blood volumes of the distal 
segments of clubbed fingers associated with cyanotic congenital heart 
diseases are relatively increased A considerable range of blood volumes 
is shown in each group and some of tins scatter may be due to inaccuracy 
in the method of measurement 

It is not possible with these figures to test a correlation betueen distal 
segment blood volumes and degrees of clubbing, for the latter are not 
indicated by the initial volumes of the distal segments All the clubbed 
fingers measured were markedly clubbed , numbers 16, 17 and 24 in Group 
II were outstandingly deformed and it is noted that the percentage reductions 
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in volume m these cases were below the average for the group This finding 
accords with the observation that even the most grossly clubbed fingers 
associated with bronchopulmonary diseases are not altered m appearance 
by compression 

Further evidence of the absence of measurably increased blood volume 
m a bronchopulmonary case was gamed by successive measurements of a 
finger m which the clubbing disappeared following treatment of the 
associated disease 

Case 2 Male, aged 49, suffered from chrome suppurative pneumonia, 
which showed rapid clinical and radiological regression under treatment 
with Penicillin Measurements made on the right middle finger were as 
follows — 



Initial 

Com- 

pressed 

Reducible 

% 


Pol 

Vol 

Pol 

Reduction 

22 10 48 Marked clubbing 

7 48 ml 

7 23 ml 

0 26 ml 

3 34 

8 11 48 Slight clubbing 

6 66 ml 

6 34 ml 

0 21 ml 

3 20 


Thus the regression of clubbing was associated with reduction m distal 
segment volume of 0 93 ml (12%) but there was no significant change m 
the reducible finger volume such as might have been expected had the 
clubbing been associated with vascular engorgement In fact the com- 
pressed finger volume decreased with the regression of the clubbing which 
suggests an actual decrease m tissue substanoe in the distal finger segment 

Comparable results were observed in a case of subacute bacterial 
endocarditis 


Case 3 Female, aged 30, suffered from rheumatic carditis, and 
subacute bacterial endocarditis winch was cured by Penicillin Measure- 
ments made on the right middle finger were as follows — 





Com- 





Initial 

pressed 

Reducible 

% 



Pol 

Pol 

Pol 

Reduction 

22 10 48 

Moderate clubbing 

4 18 ml 

4 06 ml 

0 13 ml 

3 12 

21 12 48 

Normal finger 

3 76 ml 

3 60 ml 

0 16 ml 

4 00 


Again, the diminution m distal segment volume of 0 43 ml (10%) was not 
associated with significant change m the reducible finger volume 

These volumetric studies further confirmed the conclusions suggested 
by clinical observation, that while a fundamental change in clubbed fingers 
is an increase m interstitial tissue m the fingers, an additional increase in 
blood volume occurs in clubbing associated with cyanotic congenital heart 
disease 



CLUBBED FINGERS 


307 


Part 2 Morbid anatomical studies 

Despite the frequency with uhich clubbed fingers are seen, recorded 
observations on their structure are few In fact the published observations 
do not truly reflect the interest in this subject Sections made by the usual 
methods look remarkably normal, an observation which must often have 
been deemed unuorthy of record Furthermore, clubbing becomes less 
obvious after death This is due to the shnnking of the pulp of the finger 
causing infolding of the skm, a change which is also seen m normal fingers 
The essential alteration m contour on the dorsum of the clubbed finger 
remains unchanged, as does the sense of increased fluctuation over the nail 
bed 

In his review of the pubhcations on clubbing, Mendlowitz (6) summarised 
the pathological changes reported These vary with different authors and 
mclude changes in some or almost all of the tissues of the distal finger 
segment Many observations were based on naked eye appearances alone, 
sometimes without reference to normal appearances or changes which 
might have been associated with terminal venous congestion The study 
of such pubhcations suggested that whatever pathological changes may be 
present m clubbing they are not strikingly demonstrated by ordinary 
histological methods, and this proved to be the case Observations were 
therefore made by methods especially designed to demonstrate the vascular 
anatomy of the distal finger segment, so that the structural basiB for the 
distinction between clubbing associated with bronchopulmonary and 
cyanotic congenital heart diseases might be determined and other vascular 
changes sought 

Intra-mecular slatmng 

Grant (7) and Grant and Bland (8) descnbed their use of a method of 
intravascular fixation and staining which proved useful in studying 
arteriovenous anastomoses m fingers and elseu here The essential features 
of this method are (a) fixation of the finger with the blood vessels dilated by 
means of arterial injection of fonnol saline under pressure, the venous outlet 
bemg almost completely occluded, and (b) staining of the vessel walls by 
the arterial injection of Ehrlich’s acid hsematoxylm When thick sections 
of such specimens are examined in order to study the minute vascular 
anatomy the extent of vascular filling is apparent and the distinction 
between arteries and vein manifest by the appearances of the stained vessel 
walls Arteriovenous anastomoses are also clearly revealed The difficulty 
m assessing the relative sizes of blood vessels inherent m ordinary histological 
methods is also overcome, the blood vessels all appearing dilated Grant 
(7) noted in preparations of the rabbit’s ear made by this method that the 
diameter of the anastomoses agreed well with their diameter measured when 
maximally dilated during bfe, which suggests that the method induces no 
great vascular distortion 
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Method A canula liavmg been tied into one digital artery, the 
technique of injection described by Grant (7) for fixation and staining was 
followed Immediately after the excess hsematoxylin vas washed out the 
finger was frozen m a solid carbon dioxide-methylated spirit mixture for a 
few minutes, rapidly transferred to a vice and the distal finger segment 
was then sawn transversely into blocks about 3 mm thick When thawed 
the bone was dissected from each block and sections 200 p thick were cut 
with a freezing microtome The sections were decolourised under the 
microscope, blued, dehydrated with alcohol and mounted m Canada Balsam 
Experience with this method showed that it was desirable to cut and mount 
sections immediately after staining as storage of sections or blocks often 
led to loss or spread of the stain In the present studies however such 
uninterrupted periods of work were impossible and m many cases sections 
were re-stained with hsematoxyhn befoie mounting The stain was not 
then confined to the blood vessels but satisfactory results v, ere obtained 
and it was also found that hght counterstaming with eosm did not obscure 
the vascular anatomy 

Two normal fingers and five clubbed fingers vere studied by this 
method The clubbed fingers consisted of one from a case of cyanotic 
congenital heart disease and four from eases of bronchopulmonary diseases 
(Table II) 

Results Sections cut through comparable parts of the distal finger 
segments were examined In the five clubbed fingers the nail beds were 
thicker than in the two normal fingers and this appeared due to an increase 
m connective tissue The fibrous capsule enclosing the finger pulp uas also 
thicker m the clubbed fingers though tlus was less obvious than the change 
in the nail beds There was no difference m the appearance of sv, eat glands, 
fat deposits, Paccinian corpuscles and epithelium 

The clubbed finger from the case of cyanotic congenital heart disease 
differed from the normal and other clubbed fingers m that the vessels forming 
the venous plexuses m the nail bed v ere greatly increased m calibre (Eig 
4 ) A similar, though less striking difference was apparent in the equivalent 
vessels of the skm over the pulp The deeper plexuses (third and fourth 
venous plexuses of Spalteholz) uere affected rather than the more superficial 
subpapillary plexuses (first and second venous plexuses of Spalteholz) In 
one normal finger and four of the clubbed fingers it was possible to measure 
the diameters of the vessels forming the skm venous plexuses m the nail 
beds In each case, nine serial sections 200 p thick were taken from the 
finger immediately distal to the lunula Using a projecting microscope, 
the diameters of these veins which appeared transversely cut across m the 
sections were measured The results are recorded m Table III and 
illustrated in Eig 3 These measurements show clearly the large mean size 
of the nail bed veins m the clubbed finger from a patient with cyanotic 
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TABLE in 


Diameter of veins counted m nine .serial sections through each nail bed 



! Number of veins counted 

Diameter 

m [i. 

Normal 

Clubbed 
ca bronchus 

Clubbed 

bronchiectasis 

Clubbed 

bronchieotasis 

Clubbed 

congenital 

heart 

20 

36 

38 

25 

20 

7 

40 

88 

110 

04 

124 

48 

60 

74 

62 

72 

40 

00 

80 

28 

20 

64 

8 

71 

100 

12 

0 

26 

5 

50 

120 

3 


13 

1 

44 

140 

3 


6 


31 

100 



1 


24 

180 





12 

200 





6 

220 





3 

240 





1 

200 





1 

TOTAE | 

NUMBER 

COUNTED 

243 

236 

300 

207 

375 

Mean 

NUMBER PER 

SECTION 

27 

26 

33 

23 

42 

Mean 

DIAMETER 

03(i 

d. 

00 

0 

73 [i 

66 (t 

105[i 

Standard 

deviation 

30 

22 

43 

10 

48 


congenital heart disease as compared with the normal and bronchopulmonary 
clubbed specimens No conclusion could he drawn from the apparent 
increase in the number of veins cut across m the congemtal heart specimen, 
as this could he accounted for as well by increased tortuosity as by absolute 
increase in number of the veins 

The arteries were also studied m some of these specimens Neither 
the mam cutaneous arteries nor their branches forming the cutaneous 
arterial network appeared to differ m number m normal and clubbed fingers 
In the clubbed specimens the mam nail bed arteries appeared larger than 
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m the normal ones and such measurements as u ere possible supported this 
conclusion (Table II) In sections from comparable parts of each clubbed 
finger there vere arteries of this order vith internal diameters double those 
of the largest comparable arteries in the normal fingers 

The results of these observations accord veil vith the conclusions 
reached by the clinical studies, illustrating the anatomical basis for the 
increase in blood volume in clubbed fingers associated vith cyanotic con- 
genital heart disease 



Fig 3 Shows the frequency of distribution of \ems of different diameter in five fingers The 
diameter of the \ ems was measured as described in the text 


Neoprene studies 

Though the intravascular staining method proved useful for examining 
the minute skin vessels and particularly the veins, it did not reveal the 
general arterial arrangement in the distal finger segment , studies were 
therefore made by the intra-arterial injection of neoprene 

Casts of the digital arterial tree vere made in tvo normal fingers by 
intra-arterial neoprene injection and subsequent digestion of tissue, using 
the method descnbed by Trueta and others (9) for the kidney The small 
blood vessels thus reproduced vere found to be so complex that they could 
not satisfactorily be analysed Studies vere then made by the follovmg 
method, combining neoprene injection vith the Spalteholz method of 
clearing large specimens 
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Method In injecting the neoprene the procedure described by Trueta 
and others (9) was closely followed Before releasing the injection pressure 
the base of the finger was firmly hgated and it was then immersed m a 
freezing mixture of sohd carbon dioxide and methylated spirit for about 
five minutes This resulted m the irreversible change of the neoprene from 
liquid to a sohd state The finger was rapidly transferred to a vice and 
sections 2-5 mm thick were cut transversely or longitudinally with a fine 
bladed hacksaw , the sections were fixed m 10 % formol sahne for 24 hours, 
dehydrated by passage through alcohol and transferred to methyl salicylate 
m which they were cleared, stored and subsequently mounted for examination 
with a binocular microscope or hand lens 

Tour fingers of normal appearance and three clubbed fingers were 
examined by this method There were differences m the extent of the 
neoprene filling between the normal and the clubbed fingers Sohd medium 
injection methods are however of limited value m comparative studies of 
vascular anatomy Unless the injected specimens are ultimately submitted to 
histological examination it is difficult with certainty to identify the vessels 
filled as arterial or venous , the risk of error due to lymphatic filling is ever 
present , a lack of filling cannot he accepted as evidence of absence of a 
blood vessel or of vascular obstruction Having regard for these errors 
inherent in the method, the differences between the normal and clubbed 
fingers cannot bo regarded as significant nevertheless the technique 
proved useful m studying the digital arterial anatomy (Tig 6) and for that 
reason it is recorded 

Normal vascular anatomy The vascular arrangements in the distal 
finger segment are sufficiently complex and important to warrant comment 
The following is partly based on the study of eight normal fingers by methods 
described above 

The distal finger segment has a remarkably profuse arterial supply as 
compared with the more proximal parts (Tig 6), and the mam digital arteries 
diminish but httle in calibre until the distal segment is reached The 
proximal part of the nail bed derives its arterial supply from an arch passing 
dorsally over the base of the distal phalanx, while the most distal part is 
supphed with branches from the mam pulp vessels There is free anastomosis 
between major branches of the digital arteries in the distal segment 

The venous arrangement over the pulp of the finger is the same as 
that in t hin skm elsewhere , the venous plexuses are extensive but extend 
to no great depth In the nail bed the venous plexuses extend to greater 
depth, the four plexuses named by Spalteholz bemg clearly defined (Tig 
4 (a) ) The deep third and fourth plexuses, as m the pulp, are intimately 
connected to tortuous collecting veins which dram the arteriovenous 
anastomoses, whose afferent limbs arise from branches of the mam cutaneous 
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arteries Under the nail root the venous radicles are so numerous and 
complex that they form an almost angiomatous mass (Fig 7), tins being 
the reservoir to be filled when the arteriovenous anastomoses are open 

The arteriovenous anastomoses described by Hoyer (10) have been 
studied by Grant and Bland (8) who found that the nail bed contains some 
five hundred anastomoses per square centimetre surface area This is 
more than twice as many as are present in the same surface area elsewhere 
m the distal segment or hand Though the figures reported by Popoff (11) 
are much lower than those of Grant and Bland, he too found the greatest 
density of anastomoses in the nail bed 

Discussion 

The essential structural difference between normal and clubbed fingers 
consists in an increase m connective tissue m the distal finger segment 
This is demonstrable in sections through the fibrous capsule which encloses 
the pulp of the finger, but both clinical and morbid anatomical studies show 
that it is maximal between the nail and the dorsum of the terminal phalanx 
This selective distribution endows a clubbed finger with its characteristic 
shape 

A further change is found in clubbed fingers associated with cyanotic 
congenital heart diseases, namely an increase in the volume of the blood 
in the distal finger segment This is shown by clinical and volumetric 
studies, and the anatomical basis is shown by intravascular Btaming to be a 
dilatation of the venous plexuses of the skin This change is also most 
conspicuous in the nail bed, and while it is not fundamental to the appearance 
of clubbing it naturally enhances that appearance 

The failure to make this distinction between the two types of clubbing 
accounts for much of the confusion which has existed about the nature of 
the structural change m the fingers Hitherto, u bile clubbed fingers have 
generally been regarded as a single clinical entity, the conception of their 
structure has been based on a medley of changes described by various 
writers who examined single specimens (6) In fact the distinction between 
the two types of clubbing is apparent from comparison of some of the 
earlier descriptions For instance Vanot (12) described the clubbing m a 
case of cyanotic congenital heart disease “ Microscopic sections of the 
pulp of the finger show that the venous plexus deep to the skin is markedly 
dilated as are the capillary loops winch pass up in the papillie All these 
vessels and capillaries are filled vitk red blood cells winch indeed form a 
natural injection mass ” This may be contrasted with the description by 
Strangeways and Ponder (13) of a markedly clubbed finger associated with 
“ mabgnant endothehoma ” of the lung “ The subcutaneous tissue seems 
more fibrous and is increased m tluckness at the ends of the fingers and toes 
and tins appears to be the cause of the clubbing ” Histological examination 
showed “the subcutaneous tissue at the end of the finger perhaps contains 
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more fibrous tissue than is usually present, but no other change can be 
made out ” Moore (14) reported that he could reduce the clubbing at 
necropsy, in the case of a child dying with cyanotic congenital heart disease, 
by cutting into and pressing the clubbed ends , this observation and the 
microscopic appearance of vascular engorgement led him to conclude that 
clubbmg was chiefly due to engorgement, as indeed it is m such cases This 
conclusion, however, was not accepted m the light of earlier descriptions of 
increased connective tissue derived from the study of bronchopulmonary 
cases (IB) 

The structural distinction between bronchopulmonary and cyanotic 
congemtal heart types of clubbmg does not necessarily imply a different 
pathogenesis, an mcrease m connective tissue bemg common to both types 
Furthermore, while it is clear from the results of these studies that venous 
dilatation does not generally occur m the bronchopulmonary group, some of 
the volumes recorded in Table I and the nail bed vein diameters m finger 
G E (Table II) suggest that some dilatation may occur m individual cases 
It is possible that the measurably increased blood volume and venous 
dilatation in the clubbed fingers of cyanotic congemtal heart disease is -a 
manifestation of the great inorease in total blood volume and the 
polycythsemia commonly found in these cases It might, therefore, he 
expected also to occur m association with some bronchopulmonary diseases 
where an increase m blood volume is also found 

The observation that m clubbed fingers the distal segment branches of 
the digital arteries are of greater calibre than in normal fingers accords 
with the findings of Charr and Swenson (16) whose radiological studies on 
necropsy specimens have been published since thiB investigation was started 
They also describe a heavier network of arterioles covering the ungual 
process m three clubbed fingers than m one normal control An mcrease 
in the number of arterioles was not demonstrated m these studies and it is 
possible that the increased vascularity noted m the radiological studies is 
due to filling of the skin venous plexuses through the arteriovenous shunts 

These observations indicate the anatomical basis for the increased 
blood flow described in clubbed fingers by Mendlowitz (4) and confirmed by 
Cross and Wilson (17) It is for consideration whether an increased blood 
flow alone could account for the selective mcrease m fibrous tissue winch 
is responsible for the appearance of clubbing Increase in blood flow, 
except m association with chronic inflammation, is not a recognised precursor 
of fibrous tissue proliferation, and in clubbmg there is no evidence of local 
inflammatory change The increased flow in clubbmg appears to be 
determined by factors other than local tissue requirements The distal 
finger segment with its profuse vascular supply and numerous arteriovenous 
anastomoses is peculiarly adapted to deal with such an increased blood flov 
A possible mechanism for the increased formation of fibrous tissue is 
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suggested by consideration of the distribution and action of the arteriovenous 
anastomoses Their predomraence m the nail bed, where a special venous 
sump is found (Fig 7) to deal with their effluent, coincides with the site of 
maximal fibrous tissue formation m clubbing Furthermore, m spite of an 
increased blood flow clubbed fingers do not exhibit more conspicuous capillary 
pulsation than do normal fingers at ordinary room temperatures, such as 
would be expected if the increased blood flow was subserved by dilatation 
of the small arterioles in the skin Thus the increased blood flow m clubbed 
fingers is probably largely diverted through the arteriovenous anastomoses 

The local circulatory changes resulting from the opening of arterio- 
venous anastomoses of comparable order has been observed directly in the 
rabbit’s ear (7) A reversal of blood flow was induced m the veins which, 
when the anastomoses tvere closed, were tributaries of the potential primary 
collecting vems The equivalent tributaries m the nail bed and skm of the 
finger consist of vessels forming the deep skm plexus, the third and fourth 
venous plexuses of Spalteholz A persistently increased blood flow through 
the arteriovenous anastomoses could thus induce a state of chronic passive 
congestion in the venous plexuses of the nail bed and skin Chrome disten- 
sion of tissue spaces by increased formation of tissue fluid is a suggested 
precursor of fibrous tissue proliferation (18, 19), which would be anticipated 
m just that distribution which is found in clubbed fingers 

The site and nature of the structural changes in clubbed fingers are 
thus consistent with the view that clubbing is the result of blood flow 
through the fingers m excess of the local physiological requiremen's, (he 
manifestations in the distal segment depending on the special local vascular 
arrangements Clubbing is m fact due to “ forced feeding ” (20) It is 
by the study of the mechamsm of this increased blood flow that the real 
cause of clubbing should be sought 

Summary 

1 The appearances which distinguish clubbed from normal ftngerB 
have been analysed The earhest and most constant change is m the nail 
bed 


2 Exsangumation of the finger by an elastic bandage altered the 
appearance and the tension in the nail bed of clubbed fingers associated 
with congemtal heart disease, but produced no change in normal or other 
clubbed fingers 

3 The distal segment volumes of fourteen normal fingers, ten clubbed 
fingers associated with bronchopulmonary diseases and eight clubbed fingers 
associated with cyanotic congemtal heart diseases were measured before 
and after compression with an elastic bandage The reduction m \olume 
was regarded as an index of the volume of blood m the distal segment 
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This was significantly greater in the congenital heart group than m the 
normal and bronchopulmonary groups, which did not differ significantly 
from one another in this respect 

4 In one case of suppurative pneumonia and one of bacterial endo- 
carditis clubbing regressed following cure by Penicillin , in each the distal 
segment of the finger showed no decrease m reducible finger volume as 
clubbmg diminished 

5 It is therefore concluded that the volume of blood m the distal 
segment of the finger is increased in clubbmg .due to congenital heart disease 
but not in clubbmg from bronchopulmonary disease The pecuhar shape 
of the clubbed fingers appears to be due to an increase m tissue especially 
m the region of the nail bed 

6 Autopsy specimens of two normal fingers, one clubbed finger from 
a case of cyanotic congenital heart disease and four clubbed fingers from 
cases of bronohopulmonary diseases were examined after the blood vessels 
had been fixed and stained by means of intra-arterial injections of formalin 
and huematoxylm Increased fibrous tissue, especially m the nail bed was 
found in all the clubbed fingers The skin venous plexuses m the congenital 
heart specimen were conspicuously dilated, especially m the nail bed 

7 The ddatation of the veins in clubbing due to congenital heart 
disease, but not in bronchopulmonary disease, was confirmed by measure- 
ments m fingers from one normal, one congenital heart, and three 
bionchopulmonary cases These specimens also revealed an increase m the 
calibre of the branches of the digital arteries in clubbed fingers 

8 In four normal fingers and m three clubbed fingers the digital 
arteries were injected noth neoprene and the tissues subsequently cleared 
by Spalteholz technique No differences m vascular filling were observed 
between the two groups which might not have been attributable to artefaots 
The specimens proved useful for the study of the arterial anatomy of the 
finger 

0 The normal vascular anatomy m the distal finger segment as 
revealed by these methods is briefly described The nail bed is the site of 
peculiarly complex vascular arrangements 

10 It is concluded that the chief component of clubbing m all the 
diseases studied is an increase m the connective tissue m the clubbed segment 
of the finger particularly between the nail and the phalanx In congenital 
heart disease an additional component is increased blood volume m the 
venous plexuses, a feature which may perhaps be correlated with increased 
total blood volume The connective tissue increase seems to be due to 
increased blood flow m excess of local physiological needs and its location 
in the distal finger segment is attributed to the predominance there of 
arteriovenous anastomoses 
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(n) Case 1 Right thumb ( x 0} 
on Februan 2nd, 1048 


(6) Case 1 Right thumb ( x 0) 
on April 1 0th, 1048 


AM 




G Longitudinal hcmmectton ( x 2) of a normal finger cleared after digital arterial injection 
with neoprene The arteries onh are filled (Female aged 71 died after cholecystectom) ) 








4 Fntouched photomicrograph ( v 40) of n tran«\er-e t-cction 200 ^ thu h through proximo, 
part of nail bod of a normal finger (Spec GB) Xote complex \enous ple\u- 










A QUANTITATIVE STUDY OF THE RESPONSE TO COLD OF 
THE CIRCULATION THROUGH THE FINGERS OF 
NORMAL SUBJECTS 

By A D M GREENFIELD and J T SHEPHERD * 

( From the Department oj Physiology , The Queen's University oj Belfast ) 

The response of the circulation m the fingers to local cold has been studied 
by Lewus (10) who used a thermoelectric junction to measure the resulting 
changes m skin temperature Tins method pro\ ided qualitative information 
After 6-10 minutes immersion m water at less than 16-18°C repeated 
transient rises m skm temperature of a feu degrees centigrade occurred, 
indicating periods of vasodilatation To these the term hunting reaction 
uas given The temperature rises n ere much greater if the Mater nns 
unstirred A much larger use in temperature, the so-called after reaction, 
followed the removal of the finger from its cold environment This has 
rccentty been re-exammed by Wolff and Poclun (22) using similar methods 
It is clear, however, as was recognised by Lews, that during the period of 
immersion the observed skin temperature depends on man}' factors besides 
the blood flow through the finger The degree of stirring of the cold w ater 
bath is particularly important This is shown b} an experiment in which 
the stirring was varied while the finger was immersed (Fig 1 ) 

The subject, a normal male, age 30, had a thermoelectric junction, A, 
co\ered by 3 layers of plaster, as used by Lewis (10), fixed to the dorsal 
surface of the distal phalanx of the left index finger, just proximal to the 
nail, and a second thermoelectric junction, B, held against the pulp of the 
distal phalanx by a very light rubber band At 0 minutes the finger was 
immersed to the proximal mterphalangeal joint m a stirred water bath at 
2 5°C The junction A cooled slowly, and B rapidly, to temperatures just 
above that of the water The temperature at both junctions began to rise 
at 5 minutes, A reaching a considerab!} higher temperature than B b} '• 
minutes At this point the stirrer was stopped There was an immediate 
small rise at A, and a great rise at B When the stirrer was restarted at 
1 1 minutes there was a more rapid temperature fall at B than at A 

The difference between A and B up to the Oth minute was mainh due 
to the temperature gradient tlirough the 3 laeers of plaster which lagged 
the junction A While the stirrer was operating B was \cr\ nearh at the 

MW null to thank our collcnguea and «tuilent.-i mho lime oeted m hubj-rt* in the;, 
experiments 
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temperature of the water bath, and presumably would have come even 
closer to it if the stirring had been more effective A, on the other hand, 
was at a temperature intermediate between that of the inside of the finger 
and that of the water bath 

When the stirrer was stopped, A was lagged by the plaster plus still 
water, and B by still water only The still water clearly gave an important, 
though uncertain, degree of lagging, because both junctions now registered 
high and nearly equal temperatures 



Pig 1 To show the effect of stirring a coid water bath on the temperature recorded at the 
surface of the finger at two points, A and B The thermoelectric junction at A was cm ercrl 
by 3 layers of adhesive plaster 


Only rough qualitative deductions can therefore be made from 
temperature measurements m the unstirred water bath It can be argued 
that m the stirred water bath the external surface of the plaster is at the 
temperature of the water, and that the difference between the temperature 
at A and water temperature is proportional to the amount of heat passing 
through the plaster This quantity is probably dependent on the blood 
flow, but it is not possible to make a quantitative estimate of the level of 
blood flow from the temperature observations 

It was therefore decided to make observations on the finger with the 
venous occlusion plethysmograph In the course of this work it became 
apparent that this method is unreliable during exposure to cold because 
of the greatly reduced capacity of the finger vessel i even at the height of 
the cold vasodilatation Calonmetnc observations were therefore made, and 
it is believed that these provide reliable quantitative information This 
paper presents both the plethysmograpluc and calorimetric findings 
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Mr Tiiorth 

The (cmpcr<t(urc-con(rollcd xenons occlusion plelhysmogruph 

This instrument has already been described (11) The finger was insert ed 
almost to the proximal mterphalangeal joint, into a tlnn and loosely fitting 
fingerstall, which was imagmntcd into the copper pletlij sinograph A 
thermoelectric junction between the shin and fingerstall recorded the 
temperature on the dorsum of the first phalanx The plethj sinograph was 
filled with water, and a head of pressure which could lie altered at will, but 
which was normally 7 cm of water, kept the fingerstall applied to the finger 



tig J The calorimeter for the linger 


The \olumc changes were transmitted b\ air to a soap bubble \olume 
recorder (*') The photographic record showed the pulsation «i/e without 
distortion (Fig 13) The collecting pressure nomialh 70 mm Hg was 
applied In a cuff at the root of the finger The hands were nrranged on a 
comfortable inclined surface about 10 cm abo\e a horizontal plane through 
the sternal angle of the sitting subject The copper pldhx=mograph was 
surrounded b\ a water bath and In changing the water temperature flu 
temperature at the dorsum of the finger could be waned required 
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The measurement of heat exchanges between the finger and its environment 

Most calorimeters for the fingers have suffered from the defect of having 
a correction of the same order as the quantity bemg measured (1, 18 ) 
As it was proposed to work with an unusually large temperature difference 
between the calorimeter and the surroundings, it was clearly essential to 
reduce these corrections The calorimeter used to overcome these difficulties 
is shown in Fig 2 It was a development of the calorimeter for the hand 
described by Greenfield and Scarborough (10) 

The calorimeter proper was a Dewar flask of 1 litre capacity TIub 
was filled with water at the desired starting temperature It rested on a 
cork slab inside a 4 litre Denar vessel The top of the 1 litre flask was flush 
with the upper surface of a plywood hd, clamped to the 4 litre vessel The 
intervening space was filled with water at approximately the same 
temperature as the inner vessel, and this temperature did not change more 
than a fraction of 1°C during an experiment The inner flask was thus 
provided with an environmental temperature which was nearly constant 
and olose to that being measured This made the temperature correction 
extremely small 

The inner flask was provided with a small perforated shelf 3 6 cm 
from the top, supported from below on a light brass framework TIub 
defined the position of the finger tip A gap in the shelf permitted a motor 
driven stirrer and a thermometer* calibrated m hundredths of a degree 
Centigrade over an adjustable 6° range to pass more deeply into the flask 
The stirrer and thermometer were held by vertical rods fixed to the plywood 
The finger, thermometer and stirrer passed through holes m a 6 mm thick 
paraffin waxed cork sheet, which shd m metal guides into position over the 
mouth of the I litre flask Similar calorimeters, but with 480 ml or 660 
ml inner flasks were used for making control observations on the opposite 
forefinger in the 29-32°C range 

Throughout the calorimetric experiments observations were made on 
the distal 2 8 cm of index finger In the earlier experiments (Figs 8, 0 and 
12) the volume was measured by making a plasticine mould and filling it 
■with vater to which a small amount of soap solution was added to reduce 
the surface tension Repeated measurements on the same subject on the 
same occasion agreed within 0 3 ml Later (Figs 10 and 11), Lennard- Jones’ 
method (14) was used, but modified by the provision of a stop for the finger 
2 8 cm below the top surface Repeated results agreed within 0 1 ml 
A post 2 8 cm high vas erected on the calorimeter shelf In preparing the 
calorimeter the inner vessel was filled with water until, with the stirrer and 
thermometer in position, the water level just reached the top of the post 


* Supplied by B Black <k Son Ltd , 180 Goswell Road, London 
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An amount of water equal to the finger -volume was removed from the 
calorimeter so that on insert ion of the forefinger the depth of immersion was 
2 8 cm 





tip 3 ricthvsmogrnpliir tracing* from both forefingers showing the effects of inflation of n 
collciting cuff at 70 mm Ifg The figures on the left shon the time in minutes from the 
start of the eoohne The temperatures adjacent to each tracing are the tomperatims at 
tliermocleetnr junctions in contact with the shin of the dorsum of the distal phalanx from 
tlic unrt until 17 minutes, the pressure head on both fingers was 7 cm of water, thereafter 
it was P7 rm„ Tlu« increase of external pressure did not present blood accumulating on 
the control side nor dal it assist the accumulation on the cold side, as it would be expected 
to do if the enpacitx vessel* were distended 


In using the calorimeter the consequences of immersing one forefinger 
wore compared with tho c c of immersing the opposite comparable finger, hut 
with the circulation arrested The starting temperature of the calorimeter 
was arranged to be a« ncarh a= possible the same in each case and the 
fingers were m water baths at the same temperature, usualh 2y-30 t C , for 
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at least 20 minutes before transfer to the Calorimeter Differences between 
the two sides wero then considered to be due to the blood flow m the finger 
with the circulation free 

Results 

Plcthy8m ographic observations 

The subjects for these experiments rested for a period of 45 mmutes 
in their normal indoor clothes at a room temperature of 18-20°C before 
recordings commenced 

A plethysmograph was placed m position on each forefinger and the 
temperature of the surrounding water hath was adjusted to give readings 
of 32 °C at the thermoelectric junctions on the dorsum of both fingers 
This temperature was maintained on the left (control) side throughout the 
experiment On the right side, after a basal period of 20 minutes the water 
m the outer chamber was replaced by ice to reduce the temperature at the 
thermoelectric junction as rapidly as possible to about 4 C C and to maintain 
it close to this temperature for 40 minutes At this point, the temperature 
was quickly raised agam to 32°C for a further period of 35 minutes 
Plethysmographic records were made at intervals throughout Fig 3 shows 
reproductions of the records from a typical experiment on one of the five 
normal subjects tested The top pair of tracings show the effect of applying 
a pressure of 70 mm Hg to the collecting cuff on the nght, and then the 
left index finger The water m the outer chamber of the right plethysmo- 
graph was replaced by ice at 0 minutes and an attempt was made to keep 
the thermoelectric junction on this side at about 4°C until 40 mmutes when 
the temperature at this junction was raised to 31-33°C as quickly as possible, 
and then mamtamed at this temperature 

The effects of these procedures can be seen m the remaining tracings 
The tracings on the control side showed only changes which might be 
expected under resting conditions On the cooled side, from 0-9 minutes 
the pulsations were nearly abolished, and no blood accumulated m the 
finger on apphcation of the collecting pressure The lack of accumulation 
of blood could have been due to an absence of inflow, or to a failure of the 
capacity vessels to provide accommodation for such blood as did enter 
Calorimetric evidence presented later, showed that the inflow of blood almost 
ceased under these conditions , it was therefore difficult to obtain information 
about the state of the capacity vessels The sudden rise m the record on 
applying the collecting pressure w as partly, and perhaps wholly, an artifact, 
as it was also seen if the collecting pressure u as apphed while a cuff at 200 
mm Hg was mamtamed on the upper arm 

After 10 mmutes the pulsations became rather larger, and it was possible 
to collect some blood in the finger The pulsation size continued to increase, 
but the volume of blood accumulating m the finger on apphcation of the 
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collecting pressure at 20 minutes was actually less than at 18 minutes In 
view of Lewis’s observations (16), the large pulsations, and the difficulty 
now experienced m keeping the finger at a low temperature, it seemed 
likely that at tins stage the lack of accumulation of blood was due to lack 
of accommodation, rather than lack of arterial inflow, a new supported by 
calorimetric evidence given later This could have been due either to 
constriction or to full distension of the capacity vessels The latter 
explanation seemed unlikely as the finger was raised above the sternal 
angle, but to get further evidence on the point, the pressure head on both 
fingers w as increased from 7 to 27 cm of w ater from the 17tli minute onw ards 
It was thought that if the vessels were in fact distended this pressure might 
partly empty them and so allow blood to accumulate when the collecting 
pressure was applied As it did not Have this effect, it is probable that the 
failure to obtain an increase in volume was due to constriction of the capacity 
vessels 

Warming the cooled finger increased the pulsation size slightly and 
restored some of the capacity, as shown by the tracing at 43 minutes After 
this the pulsation size remained about the same, but the capacity of the 
finger vessels progressive!} increased and the steepness of the inflow curves 
implied a high blood flow 

In other experiments, tho external pressure head of water on the finger 
was increased to as much as 60 cm with similar results making it very 
unlikely that the capacity vessels were so distended that they could not 
accept more blood Varying the collecting pressure up to 100 mm Hg did 
not materially alter the amount of blood collected m the finger during cold 
vasodilatation, but some increase was found at 110 mm Hg although the 
quantity was less than on the control side at the same pressure The 
capacity vessels w ere therefore not easily distended 

On account of the greatly diminished capacity of the finger vessels 
during the cold period, it was impossible to draw a tangent to the inflow 
curve before this flattened out, and this method of measuring the blood flow 
could not be used After the cooled finger had been warmed to 32°C for a 
few minutes, however, there was usually sufficient return of capacit} for 
accurate tangents to be drawn to at least 3 pulse waves before any flnttenmg 
out occurred 

Blood flow results obtained in this way are shown m the lower half 
of Fig 4 and correlated with the temperature as measured on the dorsum 
of the fingers The changes in blood flow on the control side were consistent 
with the general variations in vasomotor tone to be expected at the room 
temperature used On the opposite side no blood flow measurements could 
be made from the records during the period of cold When the temperature 
on tins side was rapidly returned to 32°C the blood flow greatly exceeded 
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that on the control side After 5 minutes at this temperature the flou 
through the right mdex finger was 64 ml per 100 ml per mm , whereas the 
flow through the left (control) finger was only 15 ml per 100 ml per mm 

The duration of this after-reaction was not determined, but there was 
little diminution m flow during 35 minutes of observation All subjects 
tested showed this high level of blood flow when the finger temperature was 
quickly changed from 4-10 °C up to 32 °C 



Fig 4 Blood flows ill the forefingers determined plethysmographically The temperatures of 
thermoelectric junctions m eontaot with the skin of the dorsum of the distal phalanx- are 
shown in the upper half of the figure Blood flow measurements are shown on the control 
side (open circles and dotted lines) throughout, and on the cooled side (solid circles and 
continuous lines) before and after cooling 


Calorimetric observations 

The results of a typical experiment are shown m Fig 5 and the 
thermometer readings m the right hand calorimeter at the start and finish 
of the experiment are shown m Table I 

Tlie subject was a healthy medical student age 19 years During 
observations he sat on a chair, wearing indoor clothing with the sleeves down, 
at a room temperature of 19 5—20 8°C Both hands were immersed m 
vater at 29°C for 30 minutes before transfer to the calorimeters The left 
(control) hand was removed from the water and dried, and one minute later 
the forefinger was immersed in a calorimeter at 28 98°C for 5 minutes before 
beg innin g observations The temperature v as then read at minute intervals 
from — 4 minutes to + 84 minutes At +75 minutes a cuff was inflated 
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to 200 mm Hg on the left arm Two minutes later the temperature m the 
calorimeter became constant, and remained so until observations ceased 
It was therefore concluded that the temperature changes during the period 
of observation on this side were entirely due to the circulation of blood 
through the finger, and no heating or cooling correction was necessary 


Srrtn ttetfla 
tJM.tg-JM.nl 
rnm Mf HlMl. 




In la. fl iflii 


tit r > Tin temperature rw per minute recorded in the control calorimeter (left wide, upper 
t hart) at 21 US-10 88°C and m the cold ealonmcter (right aide lower chart) at 1 27-G ri'l°C 
an shown h\ the mten.nl between the top line and the nbsoiean Deductions about the 
heat lov- from the finger di e to blood flow, and the minimum le\cl of blood flow are shown 
b\ the black pohgons On the left side the top line coincides with the black poljgon 
The heating correction of tlic cold calorimeter was greater in this experiment than m nn\ 
other experiment reported in this paper 


The upper half of Fig 5 shows the temperature rise per minute m 
milhdegrccs C and the heat elimination in calorics per 100 ml of finger per 
minute for the control finger 

Meanwhile the temperature of the nght ealonmcter was read at minute 
mlennls At — 1 minute the nght hand was remoted from the water 
bath at 2'I°C and dried, and at 0 minutes the nght forefinger was inserted 
m'o the ealonmcter, which was at 1 270 C C At + 05 minutes a cuff was 
inflated to 200 mm Hg on the nght arm By + 60 minutes the temperature 
rise m the calorimeter had settled to a steady -value of 6 milh C C per minute 
At + 85 minutes tlic left forefinger with the circulation still arrested, was 
removed front the left ealonmcter now at 30 8S3 C C and dned It was 
inserted at + SO minutes into the nght calonmeter, which bad been cooled 
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to 1 592 °C m the interval between + 77 and + 86 minutes Observations 
were continued until + 92 minutes by which time the rate of temperature 
rise bad become nearly constant at 18 milli °C per minute 

TABLE I 


Subject O E Finger volume R 5 9 ml , L 5 8 ml Calorimeter volume R 1)35 ml 

L 488 ml 

(Observations concerned with blood flow in the right index finger only ) 


Time 
in mm 

1 

1 1 

i 1 

| Calorimeter 1 
temp C 

Temp 

Temp rise correction 

per mm , j per mm , 
mi 111 °C [ milli °C 

Temp rise 
per mm 
due to 
circulation 
of blood, 

1 milli °C 

Heat 

eliminated 
per mm , 
cals per 
100 ml 
finger 

Minimum 
blood flow 
per mm , 
ml per 

100 ml 
finger 

Right index finger, circulation free 





0 

1 270 






1 

1 375 

105 

i 100 

5 

90 

25 

2 

J 1 432 ; 

57 

43 

14 

222 

09 

3 

1 404 | 

32 

27 

5 

70 

2 5 

4 

1 1 400 ’ 

20 

1 24 

2 

32 

1 

6 

1 512 

22 

22 

0 

0 

0 

0 

1 032 

20 

18 

2 

32 

1 

7 

1 1 500 

28 

18 

10 

158 

4 9 

8 

1 020 

00 

18 

48 

701 

23 8 

9 

, 1 740 

114 

18 

90 

1520 

47 5 

10 

1 825 

85 

18 

07 

1000 

33 2 

11 

i 1 908 

83 

18 

05 

1026 

32 1 

03 

1 5 452 






G4 

5 485 

33 

1 0 

27 

427 

13 4 

05 

l 5 512 

27 

1 0 

21 

333 

10 4 

Right index finger, circulation occluded 




GO 

| 5 530 

24 





07 

1 5 650 

14 





08 

5 502 

12 





09 

5 572 1 

10 





70 

I 5 578 

O' 

1 




71 

6 584 

0 

> Tins figure used for correction at 04—05 min 


72 

1 5 500 

+ 

i 




Left index finger, circulation occluded 




80 

1 1 592 ' 






87 

1 092 

100~] 





88 

1 735 

43 





89 

1 702 | 

27 





90 

1 780 

24 

[ These figures used for correction at 0-0 mm 


91 

1 808 1 

22 

i 




92 

1 820 

18 J 






Correction between 6 and 64 mm on a sliding scale from 18 to G milli °C 
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The temperature dec each minute m the right hand calorimeter is 
shown in the lower half of Fig 5 by the distance between the upper line 
and the abscissa In this case it was clearly necessary to make allowance 
for heat contributions to the calorimeter other than from the circulating 
blood From 0 to + G minutes the correction applied w as the temperature 
rise in the corresponding minute from + 8G to + 02 minutes At + 65 
minutes the correction applied was the steady temperature rise per minute 
observed from + GO to + 72 minutes with the circulation occluded 
Between + G minutes and + G5 minutes the correction was applied on a 
sliding scalo between the two extreme values Table I shows details of 
the calculations The black area m the figure represents the temperature 
rise per minute and the heat elimination m calorieB per 100 ml of finger 
per minute considered to be due to the flow of blood through the finger 

Blood /low through the ftuger 

It has become clear (5) that Stewart’s (10) original method of 
calculating the blood flow through the hand from the heat elimination, on 
the basis that the blood arrives at general body temperature, and leaies 
at calorimeter temperature, is based on false assumptions, and gives too 
low a \aluc The blood may arrne below general bod}- temperature (2), 
and it ma} leave abo\ e calorimeter temperature (13) The same is probabl} 
true of the finger It seems safe to assume, how e\ er, that in the experiments 
now being considered, the blood could not hate arrived at the finger above 
general bod} temperature, nor could it ha\e left below the lowest calorimeter 
temperature On this basis, Stewart’s method may be used to arrne at a 
minimum figure for the blood flow By how much the actual blood flow 
ma} lia\c exceeded this minimum value cannot be calculated from the 
experimental data available, but the average internal temperature of the 
finger at certain stages during cooling (12) suggests that the blood ma} 
lea\e the finger well nbo\e calorimeter temperature 

There remain, howe\er, two uncertainties, both of which could lead to 
too high a -value b} Stewart’s method, namely the metabolic heat formed 
in the fingers, and heat conducted down the finger from blood flowing in 
the lion-immersed region Heat conducted down the finger from other 
sources is taken into account in the heating correction previousl} described 

If the metabolic rate of the finger is the same as that of the bod} as a 
whole it is about 3 calories per 100 ml of finger per minute Tins is a 
generous estimate, but e\en so it is \erx small compared with the quantities 
of heat measured m these experiments, which ma} amount to over 2,000 
calorics per 100 ml of finger per minute during cold a asodilatation Further, 
unless the metabolic rate of the finger prompt!} falls when the circulation 
is cut of! our method of determining the heating correction makes allowance 
for it 
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The amount of heat conducted down the finger from Wood circulating 
m the proximal non-immersed region was estimated by the following 
experiment (Tig 6 ) The right index finger was immersed in a calorimeter 
containing water at 0 62 °G and the temperature rise each minute observed 



Time in Minutes after Immersion 

fig 0 Results of an experiment carried out to determine the amount of heat conducted down 
the finger The temperature rise per minute in milii °C during immersion of the distal 
2 8 em of the right index finger into calorimeters at 1 19°C (left) and 0 62°C (right) for 
20 minutes At A, the finger was removed for 10 seconds during which a rubber band 
was applied and released at the water level (2 8 cm from the tip of the finger ) At B, 
this procedure was repeated but the band was left m position for the remainder of the 
experiment to obstruct the circulation At C a cuff was inflated to 230 mm Hg on the 
upper arm 


for 20 minutes Tins served as a conti ol Later m the day, the same 
finger, starting at a similar temperature, was again immersed m a calorimeter 
containing water at 1 1 ( 1°G When the cold vasodilatation had reaohed 
the plateau the finger was removed for 10 seconds, during which a tight 
rubber band was applied to it at the water level, immediately released, and 
the finger replaced in the calorimeter This appeared to make httle 
difference to the subsequent observations, and served as a control for the 
next procedure Two minutes later, while the plateau was still maintained, 
the finger was again removed for 10 seconds, the rubber band reapplied 
tightly in the same position, and left for the remainder of the experiment 
to obstruct the circulation to the immersed portion of the finger only 
This was follow ed by a rapid decrease in the rate of temperature rise m the 
calorimeter, which seven and a half minutes later had dropped from 108 
to 11 milh °C per minute All this time the circulation through the 
proximal part of the finger was free, and therefore the conduction of heat 
from the circulating blood dowm the finger to the immersed part continued 
The amount of heat so conducted was estimated by arresting the circulation 
with a cuff on the arm at 230 mm Hg This made practically no difference 
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<o the temperature rise each minute It was concluded that the quantity 
of heat conducted down the finger from the blood circulating in the non- 
lmmcrsed part uas an unimportant source of error m the experiments to be 
described 



Time in Minutes 

hip 7 A simultaneous comparison during local cooling of colorimetric blood flow observations 
on the right index finger with the characteristics of the plethvBinogrnphie record from 
thcoppo itc finger Blood flow per muc, pulsation size and copaeitj nt 70 mm Hg collecting 
pressun are expressed in ml per 100 ml of finger Fain is represented on n rmiglilv 
quantitative senk bj the marks below the upper lmcs 

It appears therefore, that in spite of these uncertainties Stewart's 
method is essentially satisfactory for determining a minimum figure for 
the finger blood flow, and that tins minimum may often be considerably 
below the actual level Nevertheless even considering the minimum 
figures obtained for the blood flow the results are very striking, and the 
calorimetric observations reported in this paper arc presented m this form 
This allows a fairer comparison to be made between effects at different 
temperatures than would be the case if results were expressed in the more 
usual form of heat elimination 
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0-6°C 29-32°C 0-6°C 29-32°C 



Fig 8 The minimum blood flow through the forefinger of 12 normal subjects in water at 
0-C°C for CO mmjtes {black figures) compared with the minimum blood flow through the 
opposite forefinger in water at 29-32 "C (open figures) Pam is represented on a roughly 
quantitative scale b> the marks below the upper lines The full height of each frame 
represents a blood flow of 100 ml per 100 ml of finger per minute and the full width a time 
of 00 minutes 
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6-l2°C 29-30°C I2-I5°C 29-32°C 



Fig $ Observations on the minimum blood Aott through the forefingers of the C subjects 
show’ll m the nght hand column of Fig 8 repeated at range and 12— 15°C range 

Other conventions are as in Fig 8 
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In one experiment calorimetric observations were made to determme 
the minimum blood flow through the distal 2 8 cm of the right index finger 
and correlated with simultaneous plethysmographic recordings from the 
distal two phalanges of the left index finger (Fig 7 ) Although no precise 
correlation between the blood flow on the right and the pulsation size on 
the left could be expected on account of the different quantities of tissue 
being observed and the fact that the forefingers may not behave identically, 
their general trend was similar That is, during the initial period of reduced 
blood flow the pulsations were almost absent, and during the penod of high 
flow they were large On the other hand, the changes m capaoity did not 
parallel changes m pulsation size or blood flow For example, as compared 
with the initial values at 32°C , after 30 minutes ooolmg the capacity was 
reduced to about one-seventh, but the pulsation size only to three-quarters 


The range of response to cold in normal individuals 

Calorimetric observations in the 0— 6°C range were made for 60 minutes 
on one forefinger of 12 normal individuals, 11 being males aged between 
19 and 32, and one a female aged 47 Observations were made simultaneously 
on the opposite forefinger in the 29-32°C range to provide information 
about the general level of vasomotor tone The room temperature varied 
on different occasions from 17 6°C to 22 6°C (Fig 8 ) In every case 
the blood flow almost ceased for the first 6-10 minutes, and then increased 
very rapidly to between 30 and 81 ml per 100 ml of finger per minute 
The height attained and the subsequent behaviour showed large individual 
variations, the general trend m the majority bemg a deohne from the first 
high value In some cases this decline was gradual, m others periods of 
negligible blood flow intervened at irregular intervals 

Similar observations on 6 of these 12 subjects v ere made in the G-12°C 
and 12-15°C ranges, and the results are shown m Fig 9 At 6-12°C the 
blood flow almost ceased for the first 4—5 minutes, and then rapidly 
increased to a maximum after about 7 minutes of immersion The majority 
again showed a general dechne in flow for the remainder of the hour The 
maximum, which varied from 17 to 42 ml per 100 ml of finger per minute, 
and the general level were both well below the corresponding values m the 
0-6°C range At 12-15°C there was no clear evidence of an initial intense 
vasoconstriction, nor of a subsequent rapid vasodilatation The general 
level of blood flow was much lower throughout the hour of immersion than 
m either of the other two ranges Fluctuations m blood flow on the control 
side, probably due to spontaneous changes m vasomotor tone, were m some 
cases (J T S and J P ) accompanied by similar fluctuations on the cold side 
The striking changes m flow m the cold fingers of G E and J I , both of 
uhom uere m a state of general vasodilatation, are discussed latei 
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Constancy of the response to cold in the same individual at similar environ- 
mental temperature 

Four of the subjects used for the observation shown in Fig 8 were 
tested again at an interval of several days under similar conditions, but 
control observations on the other forefinger were omitted (Fig 10 ) A 
comparison of the two figures shows a striking similarity in the swe and 
pattern of the lesponscs in the same individual 



Fig 10 The minimum blood flow through the some forefinger of 4 of the subjects shown in 
tig 8 retested imder similar conditions Conventions ns m Fig 8 



Fig 11 Simultaneous comparison of the minimum blood flow through the forefingers of 3 
normal subjects during immersion in water at 0-G c C PAG and R F \\ 00 minutes 
immersion, A R 80 minutes immersion Other com cntions are as in Fig 8 


Simultaneous observations of the effect of cold on the rigid and left forefingers 
Three experiments were performed in w Inch a simultaneous comparison 
was made of the minimum blood flow in the right and left foiefinger while 
immersed in water at 0-G°C (Fig 11 ) The results show a striking 
symmetry, not onlj in the timing of the cold tasodilatation, but aFo in its 
swe The subsequent periods of t asoeonstriction and pam remained m 
step in P A G and R F W , bu gradually got out of step m A R These 
findings are similar to those of Lewis (1G), who concluded that while the 
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oscillations occur after sympathectomy, the times at which they start are 
influenced to a greater or lesser extent or from time to time through the 
central nervous system The fact that the oscillations may be asynchronous 
makes it unlikely that Kunkle (15) is correct in regarding them as gross 
exaggerations of the normal spontaneous and rhythmic fluctuations m blood 
flow (4), which like the changes in finger volume (3) are symmetrical, and 
are not found after sympathectomy 


0-6°C 29-32°C 0-6°C 29~32°C 


v — — 

JTS. 

— ■ .n. 


JTS 






Fig 12 Observations on 2 subjects at 3 le\els of peripheral blood flow, due to different general 
environmental conditions Tlie middle figure for J T S is the same experiment as is shown 
m Fig 8 Conventions as in Fig 8 Cold side, 0-6°C , control side 29-32°C 
AD MG Top figure Room temperature 15 3— 16°C Trunk and legs bare, both arms 
wrapped m towels, sitting m front of two electric fans (calorimeters screened) 
Middle figure Room temperature 14 5-13 8°C Trunk and arms bare No 
fan, but doors and wmdows open 

Lower figure Room temperature 24 2-26 2°C Subject wrapped in blankets, 
feet m stirred water bath at 44 °C 

J T S Top figure Room temperature — no record but probably 10-18°C Trunk, 
legs and left arm bare, right arm cor ered (Right finger in cold calorimeter ) 
Sitting in front of electric fan 

Middle figure Room temperature 19 2—20 4°C Indoor clothing, sleeres down 
Lower figure Room temperature 24 6-26°C Subject wrapped m blankets, 
feet in stirred water bath at 44°C Experiment discontinued at 37 minutes 
because the limit of the thermometer scale hod been reached 


The effect of the general level of vasomotor tone on the response to cold 
On two subjects, observations were made at 3 levels of general 
vasomotor tone, namely vasoconstriction, vasodilatation, and an mtei - 
mediate range These veie induced by exposure of the subject to vaiymg 
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environmental conditions (Fig 12 ) In both subjects the general le\cl 
of minimum blood flow in the finger exposed to water in a calorimeter at 
0-G°C was much less, and the pain more severe and prolonged, m the 
vasoconstncted than in the vasodilated state , the significance of these 
observations is discussed later When vasodilated, there was no initial 
period of almost absent blood flow 

Pain 

In a preliminary series of experiments it was noticed that pain, wluoli 
was generally severe for the first C-7 minutes after immersing the finger in 
water at the 0-6°C range, disappeared quite suddenly as the blood flow 
increased, and was usually replaced by a feeling of warmth, so that the 
finger in cold water often felt subjectively as warm as or warmer than the 
control finger in water at 29-32°C Records were therefore kept of the 
pain sensation, a scale from 1 (just perceptible) to 5 (unbearable) being 
used The occurrence of pain is shown in Figs 7-12 by marks along the 
top line, and the striking relationship of pain to low blood flow is quite 
clear IVlien a cold vasodilatation, sufficiently great to give a sensation 
of warmth in the finger w as follow ed by a vasoconstriction causing insufficient 
drop in blood flow to causo pam, a sensation of cold was experienced 

None of our subjects was able to identify the two types of cold pain 
described by Kunkle (1C) Between one-half and one minute after immersion 
at 0-G°C pain commenced, and gradually' increased m seventy' Within a 
few' minutes tho finger became numb, so that the shelf in the calorimeter 
could not be felt, and this numbness to touch and pressure was often 
accompanied by' a reduction but usually' not by' a loss of pain When the 
vasodilatation occurred, there was a rapid disappearance of pam, until no 
stage of “ second ” pain, and the touch and pressure sensations returned 
as the finger warmed At the same time a waie of cold or burning 
sensation passed up the shaft of the finger 

Discussion 

There is clearly a difference m the response of the capacity' and peripheral 
resistance vessels of the finger to local cold Throughout exposure of one 
hour to water at 0-0 °C the capacity -vessels are more or less constricted 
The peripheral resistance \essels, after an initial period of constriction, are 
dilated, but the dilatation is often interrupted by short periods of constriction 
Ihc ex-act anatomical identity of the resistance and capacity' \cssels is 
uncertain Grant, Bland and Camp (8) have shown that in the rabbit’s ear 
local cold after ail initial constriction opens up arterioienous anastomoses 
and smaller arteries and veins, while the capillaries remain constricted or 
dilate only slightly The capillaries are capable of dilating in response to 
irritation As it is not known, however, what proportion of the total 
accommodation is provided by these various vessels when a collecting 
pressure is applied, it is difficult to correlate these findings with our own 
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The reduced capacity during exposure to cold may be due to active 
contraction of the capacity vessels, or to an alteration m the rigidity or 
viscosity of the surrounding tissues We have no decisive evidence, hut 
the finding of large pulsations in the plethysmograph record at the time of 
reduced capacity makes it improbable that increased tissue rigidity or viscosity 
plays an important part 

Whether the cold dilatation is equal to the maximum obtainable is not 
certain The calorimetric method can only supply with certainty a minimum 
value for the blood flow, but the evidence available suggests that the dilatation 
may be maximal While it is unlikely that the quantity of cold blood 
returning from the smgle immersed finger tip pre-cools the arriving arterial 
blood to more than a fraction of the degree found when the whole hand is 
cooled (2), some precoohng is likely If the venous blood leaving the finger 
is at the average internal finger temperature, which we have found to he 
20-30 °C at the height of cold vasodilatation (12) the actual blood flow is 
not less than twice the values shown m this paper In fact the venous 
blood might leave the finger at a higher or lower temperature than the 
average for the whole finger , it depends on the anatomical relationship of 
the vessels to the various isothermal surfaces in the finger, and other con- 
siderations such as local heat interchange between arteries and veins We 
have no information about the latter, but during cold vasodilatation m the 
rabbit’s ear Grant (0) observed that the bulk of the blood passed through 
the arteriovenous anastomoses, and Grant and Bland (7) have produced 
evidence that the same is true of the finger In the finger the anastomoses 
are situated m the deeper parts, at the level of or slightly superficial to the 
sweat glands (7), a depth at which the temperature is probably not far 
removed from the average for the whole finger The maximum blood flow 
tluough the distal two phalanges was found by Wilkins, Doupe and Newman 
(20), usmg a finger plethysmograph, to vary from 60 to 120 ml per minute 
per 100 ml of finger, figures which agree with Burton’s findings (4), and 
from the information in their paper it can he calculated that the blood flow 
through the distal phalanx is from 90-180 ml per minute per 100 ml of 
finger Mendlowitz (18) observed 11 normal subjects during indirect heating 
and found a maximum heat elimination from the finger tip into a calorimeter 
at 30 4 to 31 6°C of 361-619 cals per 100 ml of finger per mmute 
Calculating the corresponding minimum level of blood flow m the v ay 
used for our own results, a range of 66 to 116 ml per 100 ml per minute is 
arrived at If it is correct to double our minimum figures for cold 
vasoddatation to obtain the true figures, the flow at the height of dilatation 
m our experiments at 0-6°C was 60-192 ml per mmute per 100 ml of 
finger, which suggests that dilatation was complete 

The question arises to what extent the local effects of cold and the 
central vasomotor control of the blood vessels can support or oppose each 
other Lewis (16) has shown that while the cold reaction can still be 
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obtained after sj mpathectomy, and after section but not after degeneration 
of tire mixed nerves, it is more or less influenced by general vasomotor 
activity It seems that at 0-C°C a sbgbt cold vasodilatation can occur m 
the face of general vasoconstriction Examples of tins are shown m Figs 
8 and 12 In interpretating these results it must be remembered that equal 
precooling of the arterial blood arriving at the finger Mould lead to a greater 
proportionate reduction in the heat elimination into a calorimeter at 
21-32°C than into one at 0-0°C , and this gives rise to some uncertainty 
as to whether, in the vasoconstricted state, the true level of blood flon is 
rcallj greater on the cold than on the control side This uncertainty is 
much less in the experiments in Fig 8 than m those m Fig 12 because the 
latter were conducted with the subject largely naked m a cold room with 
fans operating Lems (17) on the basis of skm temperature observations 
concluded that cold vasodilatation may fail if the body is chilly, or if the 
tone of the more proximal vessels of the limb is increased by exposure to 
cold Our omi evidence, while not conclusive, suggests that some degree 
of cold vasodilatation may still occur m these circumstances 

The calorimetric method gnes a much higher minimum v nine for the 
blood flow in the cold finger at the height of cold vasodilatation m Mann 
than in cold subjects (Fig 12) An exact comparison cannot be made 
between the results on the observational fingers, because although mc kept 
the observational arm clothed in each experiment we are not certain that 
the arterial blood always arrived at the finger at the same temperature 
It is unlikelj, however, that this uncertainty accounts for all the difference 
noted, and we conclude that the size of the cold vasodilatation is greater 
in the warm than in the cold subject 

Hie most striking effect of a release of vasomotor tone is the absence 
of the initial vasoconstriction at 0-G c C (Fig 12), which is regularl} found 
in subjects exposed to comfortable room temperatures (Fig 8) Tlus is 
presumablj because the internal temperature of the finger is kept high bj 
the flood of vvnrm blood 

At G-12°C and especiallj at 12-15°C the vasodilatation m response 
to cold is much smaller than at 0-G°C and it is less well sustained After 
a few minutes the blood flow falls to a low value, and the flow on the cold 
"ldc mav be well below that on the control side In the 12-1 5 C C range if 
flic subject is warm there mav be a sudden release from this cold vaso- 
constriction and once this release has taken place the circulation mav keep 
the finger too vvnrm for the cold to reassert itself (Fig 1 , J I ) On the 
other hand, the local vasoconstrictor effect of cold mav assert itself after a 
considerable interval (Fig 'I, GE) Under these conditions the finger 
blood ve'sels are m an unstable condition, and either local or general 
influences mav temporanlv predominate 
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No arterial pressure measurements were made m the experiments 
reported in this paper, largely because the blood flow to the fingers uould 
have been disturbed We feel, however, that the observations on the 
control finger show that arterial pressure changes could not have accounted 
for the changes in flow recorded on the cold Bide We are uncertain to uhat 
extent changes m blood viscosity m the cold finger may have been responsible 
for changes in blood flow which we have interpreted as changes m vessel 
calibre We know of no "viscosity observations using a hmb viscosimeter 
which are relevant to the conditions in our experiments 

The findings on pam can be explained on the following simple hypothesis 
An internal finger temperature close to 0°C causes pam If this temperature 
is continued, touch and pressure sensations are lost, and later pam sensation 
also Immersion of a finger in vater at 0-6°C without arrest of the 
circulation, however, leads to vasodilatation and reheating of the finger, 
and removal of the pam stimulus This normally happens long before tho 
local cold can lead to a loss of pam, uhether by adaptation of the nene 
endings or by blocking of the nerve fibres Later periods of vasoconstriction 
lead to the finger becoming cold again, frequently with a return of pam 
We cannot accept the suggestion of Wolf and Hardy (21) that the thermal 
gradient m the tissues may be the stimulus for cold pam Tho gradient is 
clearly greatest when the blood flow is lugh, and when the internal finger 
temperature is high (12), but we have never experienced cold pam under 
these conditions On the other hand, when the internal finger temperature 
is low, and the thermal gradient is therefore small, pam uas, m oui 
experiments, invariably experienced It is specially noteworthy that m 
the two experiments m Tig 11, in which the subjects were warm, the blood 
flow through the cold finger was at a particularly high level and there was 
no initial period of vasoconstriction, no pam was experienced by J T S and 
only very slight pam by A I) M G In these experiments the thermal 
gradient m the finger uas probably steeper than m any others m our senes 

Neither do we think it likely that the cold pam causes the vaso- 
constriction, but rather that vasoconstriction by lowering the internal 
finger temperature leads to pam In many of our records it can be seen 
that the blood flow was already declining before pam waB experienced, and 
there were many declines of blood flow which were unaccompanied by pam, 
though they often caused a sensation of cold 

Summary 

1 The circulation through the finger during and after local cooling 
has been studied with a venous occlusion plethysmograph 

2 Cooling causes a constriction of the capacity vessels m the finger, 
which invalidates, and makes misleading, the plethysmographic method 
On raising the temperature of the cooled finger to 32°C the capacity vessels 
relax and the method becomes vahd 
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5 To obtain information about the circulation during cooling 
quantitativ c estimations of heat elimination from the terminal 2 8 cm of 
finger have been made These hare been used to assign minimum values 
to the blood lion 

4 An improved calorimeter for the finger, vlncli enabled these 
observations to be made is described 

5 Under comfortable environmental conditions, immersion of the 
finger m a water bath between 0° and C°C (23 observations on 14 subjects) 
caused an initial almost complete cessation of blood flow, followed after 
5-10 minutes bj a rapid increase to between 30 and 08 ml per 100 ml 
per minute The subsequent behaviour during 1 hour of immersion varied 
between individuals, most showing a general decline usually with inter- 
mittent periods of greatly diminished flow 

0 Similar but smaller changes m blood flow followed the initial 
constriction period in fingers immersed between 6°C and 12°C 

7 At 12°-15°C there was no initial constriction, and the flows were 
generallj r lower than in either of the two preceding ranges 

8 The response in an individual was reproducible under similar 
conditions, and the general form of the response of the two forefingers was 
the same 

0 The size of the reaction appears to be influenced bj the general 
level of vasomotor tone 

10 The relationship of the minimum values to the tme level of blood 
flow is discussed, and it is suggested that a nia\imal dilatation enn be 
produced bj local cooling 

11 Pain was felt in the finger at 0-G°C when the blood flow was 
sufficient!} small It was never felt during a large cold vasodilatation 

12 The relationship of cold pain to the internal finger temperature 
is discussed and it is concluded that pam is felt when the temperature is 
low, and the temperature gradient between the inside and skin of the finger 
is small Pam is not felt when the internal temperature is lugh, and the 
gradient steep 
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THE AVERAGE INTERNAL TEMPERATURE OF FINGERS 
IMMERSED IN COLD WATER 


B\ A D M GREENFIELD, J T SHEPHERD and 
R F WHELAN * 

(From the Department of Physiology , The Queen's University of Belfast ) 

A caloiumfthic method for Ihe study of the heat e inn mat] on from the 
finger immersed m cold water has been described by Greenfield and Shepherd 
(1) On the assumption that the blood could not arrive at the finger aboie 
hod} temperature or lea\e below calorimeter temperature, a minimum 
figure can be calculated for the blood flow corresponding to any particular 
calorie output As it uould be iery difficult for anatomical reasons to 
measure the temperature of the mixed icnous blood leaving the finger tip 
in order to arme at a more realistic talue for the blood flow, it was thought 
that a measurement of the average internal temperature of the finger might 
be used to gne some indication of the probable temperature of the departing 
tenous blood A knowledge of the internal temperature of the finger is 
also of importance m the interpretation of the fluctuations m cold-pam 

(L 2 ) 


Method 

The principle of the method was as follows With the distal 2 8 cm of 
forefinger immersed in the calorimeter, temperature observations were made 
c\cr\ minute, as described b} Greenfield and Shepherd (1) The circulation 
was suddenh arrested Measurement of the heat subsequent!} transferred 
to the calorimeter from the finger enabled the average temperature of the 
finger at the moment of arrest of the circulation to be determined The 
method was calibrated b} transferring fingers with the circulation arrested 
from water baths at vamng known temperatures to the calorimctei, and 
measuring the heat released 


Results 

The calibration oj the method 

Nineteen experiments were performed on 12 subjects A typical 
experiment wall be described in detail The subject sat with hi= left fore- 
finger immersed to a depth of 2 S cm in a stirred water bath at 21 h > t 

*VW wj'li lo tlinnk our 1 -idIrnci O' and «tu<!< nt-* \rho lm\t net* 1 *! in 1 1 

erjxnmcnOr 
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for 3 minutes Cuffs were then inflated at the root of the finger and on the 
upper arm to a pressure of 250 mm Hg Two cuffs were employed to increase 
the probability that the circulation through the finger was arrested The 
finger was left m position in the water hath for a further 7 minutes which 
is a sufficient interval for 98 per cent of complete thermal equilibrium to 
be attained, as can be seen from Table I It was then transferred to a 
calorimeter at 0 582 °C , the transfer taking less than 10 seconds The 
temperature observations in the calorimeter are shown m Table I, and the 


In each ease the ordinate represents the observed temperature nse each minute in milli °C , 
the water equivalent of the calorimeter and contents was 1020 g , and the hatched area is 
the part of the temperature rise each minute due to the warming correction 



Fig 1 At 0 min the left forefinger, volume 8 0 ml , and with the circulation arrested, wob 
transferred to the calorimeter from a water hath at 21 37°C with which it had come into 
equilibrium The final temperature in the calorimeter was 0 80°C The black area 
represents the heat released from the finger in falling from 21 37°C to 0 80°C 

Fig 2 The finger, volume 4 7ml, and with the circulation free, had reached a stable lev el 
of heat elimination at the height of cold v asodilatation, the calorimeter temperature being 
3 08°C At 0 mm the circulation was arrested The double hatched area represents heat 
released before the arrest of the circulation, but affecting the thermometer after the arrest 
The black area represents heat released from the finger as it cools to calorimeter temperature 
Fig 3 The finger, v olume 4 7 ml, and with the circulation free, was at the height of cold 
vasodilatation At 0 mm it was withdrawn from the calorimeter the temperature 
being 3 10°C The black area represents the part of the temperature rise observed 

after remov al of the finger due to heat released from the finger before removal 


results are shown graphically in Fig 1 By the 8th minute the temperature 
rise each mmute had settled to a steady value of 10 milh °C This, the 
heating correction [see later), was subtracted from the temperature rise m 
each of the preceding minutes to obtain the temperature rise due to the 
immersion of the finger 

The results of a number of experiments of this type are shown in Fig 4 
The number of calories released per ml of finger are plotted against the 
temperature difference between the water with which the finger was m 
equilibrium before transfer, and the contents of the calorimeter at the 
attainment of equilibrium after transfer Had the distal 2 8 cm of finger 
been severed fiom the body, these expenments would have piovided data 
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for measuring (lie specific heat Owing to the uncertainties of heat transfer 
down the finger from the non-inimerscd region, thej did not provide reliable 
information about specific heat, but thej did pro\ ide a reliable calibration 
for the measurement of a\crage internal finger temperature 


TABLE I 

huger volume G 0 ml U at cr cquwahut of colorimeter and content* 1020 g J mijtr traneferred 
to the calorimeter from a tmter lath at 21 37° C at 0 tmn 





Heating 

Temperature 

Time* 

Cnlormu ter 

Tempemturt 

eorrei tion 

rise per mm 

m 

temperature 

me per mm 

penmn in 

due to linger, 

miti't 

*C 

m inilh °C 

milli C C 

in milli “C 

0 

0 582 

73 

-10 

03 

1 

0 055 

37 

-10 

27 

a 

01.92 

J4 

-10 

14 

3 

0 711. 

IS 

-10 

0 

4 

0 732 

17 

-10 

7 

5 

0 741* 

11 

-10 

1 

(1 

0 71.0 

12 

-10 

2 

7 

(I 772 

12 

-10 

2 

h 

0 784 

10 

-10 

0 

<i 

(1 791 

10 

-10 

0 

10 

0 SOI 





Total 122 


Total beat release from the finger 
Total bent robase per ml of finger 


Ttmpcrnluro elinnge undergone b\ finger 


0 122 / 1020 calories 
0 122 >■ 1020 

i alone -i 

G G 

18 8 calories 

21 37-0 S0 e ( 

20 57 C L 


The release of heat from the finger jolloutng arrest of the circulation 

In these experiments the subject inserted the distal 2 8 cm of om 
forefinger into water m a calorimeter at 0-4 "C and the cold \u c odilatation 
was awaited W hen the rate of heat elimination from the finger had re ached 
a s(cad\ \ nlue, the circulation was arrested be inflating cuffs at the base 
of the finger and on the upper arm to 2 W mm Hg In difcrcnt < vjk rmu rif s 
this arre«t was made at different lc\ds of lie at eliminat on Tin tcinjxnturc 
readings from a typical experiment arc shown in Tig 2 
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The heating correction 

It can be seen m Pig 2 that the temperature rise each minute approached 
a value of 9 milli °C , and became constant at this value from the 7th minute 
This was taken to be the heating correction, and was subtracted from the 
observed temperature rise during each of the preceding minutes, to give the 
temperature rise due to the finger 

The correction for thermal lag m the calorimeter and thermometer 

In any real calorimeter heat released at one point takes a finite time to 
become distributed through the system, and to cause a change m thermometer 
reading This became a matter of importance in the present experiments, 
because the thermometer readings after the arrest of the circulation must 
have been partly dependent on heat released from the finger before the 
arrest of the circulation No corresponding lag occurred m the calibrating 
experiments, so it was clearly essential to determine the size of this error, 
and to apply a correction if possible The following experiment was there- 
fore performed 

The subject kept his forefinger m a calorimeter at 3 10°C until the 
cold vasodilatation had reached a maximum He then withdrew the finger, 
but left the hand in position above the calorimeter The hole for the fingei 
was covered with a cork sheet The temperature readings are shown m 
Fig 3 It can be seen that the heat released from the immersed finger at 
the height of the cold vasodilatation became distributed throughout the 
calorimetric system within one minute of its withdrawal, and that even m 
this mmute the temperature rise only amounted to an extra 13 milk °C 
This is small compared with the quantities being measured The precise 
correction presumably depends on the rate of heat elimination from the 
finger m the minute before the arrest of the circulation, and tins varied in 
different experiments It was thought, however, that a reasonable correction 
would be to subtract, m all cases, 10 milk °C from the temperature rise m 
the first mmute following arrest of the circulation 

The relationship of internal finger temperature to blood floio 

Seventeen observations were made on 12 subjects and the minimum 
figure for the blood flow through the finger was calculated for the minute 
preceding the arrest of the circulation m each case (1) The relationship 
between this figure and the average internal temperature of the finger is 
shown m Fig 5 It can be seen that at the height of cold vasodilatation in 
a finger immersed m water at 0-4 °C the average internal temperature was 
often between 20 °C and 30 °C Since the superficial parts of the finger 
are at a temperature considerably less than this, some of the inner parts 
must be at a temperature considerably higher 
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Discussion 

Tlxe overall errors of tlie method are those of the calibration procedure, 
plus the error due to thermal lag The last has been shoivn to be small 
The errors m the calibration procedure can be seen from Tig 4 to be 
proportionately smaller at high finger temperatures than at low ones The 
evidence m Tig 4 makes it unlikely that the temperatures in Tig 5 are in 
error by more than ± 4°C at any point on the scale 



Fig 4 The release of heat in calories per ml of finger (ordinate) when the finger undergoes 
various temperature falls (abscissa) on being transferred from a water bath at various 
temperatures to a calorimeter at 0-*4°C The circulation was arrested in every case The 
straight line was used in subsequent experiments (Fig 6) to con\ert observed ealone release 
to temperature change It corresponds to an apparent specific heat of 0 75 

The information we obtain m this way has certain ad\ antages over 
that obtainable with thermoelectric junctions Firstly, the structure of the 
finger is not disturbed In a relatively small organ like the finger tip, the 
trauma caused by inserting a thermoelectric junction maj modifj the 
circulation to an indeterminate degree Secondly , the overall av erage 
temperature is obtained m place of the local temperature m a very small 
region 

Measurements with a thermoelectric junction at the naked surface of 
the finger (1) shon that m a stirred water bath or calorimeter the temperature 
there is substantially that of the water It can therefore be deduce t at 
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under these conditions the temperature gradient through the tissues of the 
linger is proportional to the difference between the water temperature and 
the average internal finger temperature The implications of such deductions 
m relation to the mechanism of cold-pam are reported separately (1) 



Fig 5 The ac erage internal temperature of the forefinger (abscissa) at \ arymg stages of cold 
vasodilatation shown (ordinate) in terms of the minimum value of the blood flow m ml 
per 100 ml of finger per min 


SUMMARY 

1 A calorimetric method is described for determining the average 
internal temperature of the finger 

2 The relationship of this temperature to the blood flow through the 
finger during the vascular reaction to local cold has been investigated 

3 At the height of cold vasodilatation due to immersion of the distal 
phalanx in a stirred calorimeter at 0— 4°C the average internal temperature 
of the finger is 20-30 °C 

4 The temperature giadient m the finger vanes with the difference 
between the average internal finger temperature and the water temperature 
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THE EFFECT OF ACUTE OCCLUSION OF THE FEMORAL ARTERY 
ON THE BLOOD SUPPLY TO THE CALF OF THE LEG BEFORE AND 
AFTER RELEASE OF SYMPATHETIC VASOMOTOR TONE 


By J T SHEPHERD * 

( From the Department of Physiology, The Queen's University of Belfast) 


Following occlusion of the common femoral artery the limb is dependent 
for its blood supply on the arterial anastomoses around the hip In the 
present investigation the blood supply to the calf of the leg has been studied 
m young healthy subjects following acute occlusion of the femoral artery 
Observations have been made under resting conditions and after exercise 
before and during indirect heatmg and before and after injection of 
tetraethylammomum bromide (T E A B ) 

Methods 

The femoral artery as it passes under the mgumal ligament, rests partly 
on the lho-pectmeal eminence and partly on the tendon of psoas muscle, 
v Inch itself is supported by bone , these structures therefore provide a 
firm base agamst which compression can be maintained A mechanical 
compressor was used to occlude the artery This consisted of a hinged 
horizontal arm fastened at one end to a table , a wooden block 5 cm by 
3 5 cm surmounted by a 1 5 cm thick rubber pad -was attached to the 
under surface of the free end of this arm, and tins pad was centred o\er the 
artery The weight necessary to occlude the artery was determined by 
perfusion experiments in the cadaver, and it w as found that a 0 5 kg w eight, 
placed directly over the wooden block, was more than sufficient to prevent 
flow, even with perfusion pressures up to ICO mm Hg This -weight could 
be borne by most subjects for a period of 8-10 minutes without discomfort 

Blood flow 8 w ere recorded through the calf of the leg by means of i enous 
occlusion plethysmography before, during and after application of com- 
pression (3) As the artenal pressure m the limb following occlusion of the 
femoral artery was unknown, the most suitable collecting pressure was 
estimated by recording calf flows at different pressures, the one giving the 

* I wish to express im thanks to Profe^ or Honr\ Ban roft for his helpfulnc q and nd\ ice 
throughout this work , and to tho=e members of the Bclfn«d Medical Students As ociation who 
willingh co-operated in the experiment* I would nl-o thank the Medical Re^nrrh Council for 
n grant for Laboratory B&U'dance 
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highest apparent arterial inflow being chosen The collecting pressures 
ranged from 20-75 mm Hg During observations a cuff on the ankle was 
inflated to 200 mm Hg to arrest the circulation to the foot (7) 

Indirect heating was earned out by immersing m a stirred water hath 
at 44 5°C , the hand, forearm, and as much of the arm as possible on the side 
opposite to that on which the compression was apphed, and heating was 
further encouraged by wrapping the subject m blankets 

T E A B was administered as a 10% solution (100 mg per ml ) mtia- 
venously and 500 mg , which is the maximum dose advised, was the amount 
injected m all cases 

The use of body heating as a means of releasmg sympathetic vasomotor 
tone is already recogmsed (2, 4, 5, 6, 8) This procedure, as well as releasmg 
vasomotor tone in the normal circulation, should act m a similar manner 
on the collateral circulation if this is also governed to any extent by the 
sympathetic nervous system T E A B acts by blocking transmission 
at the autonomic gangha, both sympathetic and parasympathetic (1) 
If this drug, therefore, by blocking transmission through sympathetic 
gangha, will mcrease the normal hmb blood flow, it should also increase the 
calibre of the collateral vessels if these are tomcally constricted by the 
sympathetic nervous system 


Results 

The calf blood floiv under resting conditions after femoial occlusion 

Resting calf blood flows were recorded and when these became stable 
the compression was apphed to the femoral artery and the calf blood flow 
agam determined An initial drop in flow to about one-sixth of the resting 
value occurred on arterial occlusion and this was followed by a rapid recovery, 
the blood flow returning to approximately its previous resting level within 
l - 6 mmutes, average time 2 minutes Pulsations were absent from the 
plethysmographic record for tunes varying from 1 to 8 mmutes from the 
onset of compression, the average time being 2f mmutes Even at the end 
of 10 minutes, pulsations were usually slight and m no case was their 
amplitude comparable with those present m the normal circulation No 
puke could he detected m the posterior tibial or the dorsalis pedis artery 
during the occlusion 

The body vas then warmed to release sympathetic tone and when calf 
flov s showed no further mcrease the femoral artery was occluded and flows 
agam measured Occlusion produced a great fall m blood flow The flow 
soon mcreased, and m the more or less stable period betneen the 2nd and 
4th mmutes, the flows during indirect heatmg averaged 2 4 times those 
obtained m the same subject at the same time after arterial occlusion but 
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without indirect heating in the 12 cases tested (Pig 1) In 2 of the 12 oases 
no increase was demonstrable even though the heating had increased the 
flows before occlusion from 1 9 to 7 3 ml and from 1 5 to 5 0 ml /100 ml 
calf/mm respectively 

A second similar series of tests was then carried out m which 500 mg 
of T E A B was injected intravenously to release vasomotor tone The 
femoral artery was occluded at tunes varying from J to 3^ minutes after the 
injection In one caso the injection was commenced simultaneously with 



1 ig 1 The blood flow through the coif of the leg before and during occlusion of the femoral 
artery of an unheated subject, compared with Bimilar obsert ntioris during indirect heating 
The dotted line indicates the nppbcation of compression The {low to the left of tins line Is 
the a\ ernge calf flow through the normal circulation 



the arterial occlusion Fig 2 shows typical results Xinc subjects were 
tested In all after arterial occlusion the flow at the peak of the response 
to T E A B was increased on the average 1 5 to 2 times, over that in the 
same subject at the same time after occlusion without T E A B 
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The. calf blood flow following exeicise after femoral occlusion 

With the compressor in situ and the calf enclosed m a heavy u ater-filled 
brass plethysmograph, the only practical method of exercise consists of 
dorsi or planter-flexion of the ankle As the posterior calf muscles form a 
much larger group than the anterior it was decided to use these muscles in 
carrying out the exercise Eor these experiments an assistant stood facing 
the subject’s feet, and with his hands cupped against the ball of the foot to 
be tested and his elbows placed against his own body, he dorsiflexed the 
subject’s foot to its fullest extent The subject, with Ins shoulders supported 
to prevent Ins slipping up the couch, attempted to planter-flex his fdot to 
Ins maximum capacity agamst this resistance, the assistant keeping the foot 
in the dorsiflexed position by exerting counter pressure In fact, the exercise 
carried out was a repeated approximate!}' maximum isometric contraction 
of the posterior calf muscles This exercise nas earned out 5 times m 30 
seconds, 5 seconds continual contraction and one second relaxation between 
contractions Immediately after the last contraction the subject relaxed 
and a flow was recorded It was found possible to record this first flow 
3 seconds after interrupting exercise and tins time interval v as, therefore, 


TABLE I 


Subject 

Average of 3 highest calf flows after 
exercise (ml / 100 ml calf/mm ) 

Calf flows with 
femoral occlusion 
expressed as 
percentage of calf 
flows without 
femoral occlusion 

Without femoral 
artery occluded 

With femoral 
artery occluded 

CN 

32 2 

0 4 

1 

DAE 

32 5 

3 1 

10 

GTH 

33 8 

3 3 

10 

RGSM 

30 3 

6 2 

17 

HJIcC 

33 0 

0 2 

10 

JG 

38 6 

80 

21 

1VTB 

30 7 

10 7 

35 

TH 

27 5 

12 0 

44 


used throughout these exercise experiments Ab soon as this flow had been 
recorded another exactly similar senes of contractions vas made, the blood 
flow recorded after 3 seconds, and the process repeated until the subject 
wanted to stop 

Exercise was earned out in 12 subjects m whom the calf flon had been 
measured after occlusion of the femoral artery at rest Eight of these 
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exercised with and without femoral occlusion, 4 only with femoral occlusion 
Four exercised without occlusion before repeating it with occlusion , the 
other 4 reversed the order 

Exercise and calf flow measurements were continued for limes varying 
from 3 1 to 10 minutes, average 0 minutes, after occluding the femoral artery 
An aching pain m the limb forced the subjects to stop in all but tx\ o instances 
Table I compares the averages of the three highest flows for each subject 
without femoral occlusion with the averages of the three highest flows until 
femoral occlusion, and in the last column the latter is expressed as a per- 
centage of the former Under these circumstances the values obtained 
for the collateral circulation ranged between 1% and 44% of the normal 
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Fig 3 TI»s illustrates the longest period of decreased flow which occurred after compression 
of the femoral arterj 

There tins one anomaly in these results In the ease of C N the aicrage 
of the three highest flows after occlusion m response to exercise was onh 
0 4 ml /100 ml calf/nnn net the flows after occlusion with this subject at 
rest were m the region of 2 ml , which was similar to the resting flow through 
the normal circulation Under resting conditions tins subject of all those 
tested had the longest period of decreased flow (5J-G minutes) after compres- 
sion, before the normal resting let el was regained (Fig 3) He was forced 
to discontinue exercise after 3J minutes owing to intense pam in the leg and 
ankle 

In the 4 subjects m whom the response of the normal circulation was not 
determined, the atemges of the three highest flows after occlusion were 
WJA, 4 3, J T S , 5 2, j\I H , 10 2, JLR, 14 7 ml /100 ml calf, mm 
As a basis for comparison the average of the figures shown in the first 
column of Table I w is computed and found to be 32 3 ml and from this it 
wall he seen that the collateral circulation in the=e 4 instances also fell well 
below the average lex el of the normal circulation Tvpical results arc show n 
in Fig 4 The mcclinmsm hx which the circulation after occlusion increased 
in response to exercise above the resting level after occlusion is not entirely 
clear The increase m general blood pressure resulting from tlus exercise 
was probablv partlx responsible In 10 of the c e subjects blood pressure 
readings were taken bx auscultation lnimerbatoh after each senes of 
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contractions, corresponding as far as possible to tbe tunes at which blood 
flows were recorded The maximum reading for each subjeot obtained from 
these observations is shown m Table II, where it is compared with the resting 
blood pressure From the blood flow ratio shown m the last column of this 
Table however, it would seem that the rise m blood pressure cannot be 
entirely responsible This ratio was obtained by averaging the three highest 
flows m response to exercise after occlusion and dividing this figure m each 
case by the average of the three highest resting flows after occlusion While 
it is possible that some of the lower ratios could be explained by the blood 
pressure increase alone this could certainly not be the case m the lughcr 
ratio group where the increase m pressure was insufficient to account for 
the increase in flow obtained 



Fig 4 The response of the calf circulation to severe exercise of the posterior calf muscles 
before and after femoral occlusion 


The effect of release of sympathetic vasomotm tone on the blood supply to the 
calf follomng exercise after femoral occlusion 

To carry out this investigation, indirect heating and TEAS were 
again used to relax vasomotor tone and the exercise performed was similar 
to that just described 

The results of the experiments where indirect heating was used are 
shown in Table III where a comparison is made between the average before 
and during indirect heating of the three highest calf flows after interrupted 
exercise with femoral occlusion The resultant percentage increase in calf 
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Wood flou is Bliown in the last column Fig 5 shows some typical results 
It can be seen that, after femoral occlusion, indirect heating caused nil 
increase in the maximum floxx through the calf, this increase varying from 
27% to 800% of the previous estimation 


TABLE n 


Subject 

Heating blood 
pressure 

i 

Maximum blood 
prcRiuru 
after exercise 

Blood flou 
ratio 

CN 

110/05 

120/70 

1 0 

XX TA 

134/80 

144/80 

1 5 

RGSM 

100/00 

120/GO 

1 0 

G T 11 

118/74 

135/75 

2 1 

TTS 

105/05 

130/75 

30 

M M< C 

1 ’0/80 

140/80 

3 4 

M 11 

100/00 

115/00 

4 3 

JG 

100/05 

, 120/00 

5 3 

TH 

120/80 

130/80 

7 5 

T I H 

115/05 

150/00 

11 3 


TABLE 1U 


Subject 

V\orage of 3 highest flows after oxen no 
- u ith femoral nrtorj occluded 

(ml /100 ml ralf/min ) 

Percentage inerense 
due to indirect 
heating 

XX ithout indirect 
heating 

XX ith indirect 
heating 


JLI1 

14 7 

18 7 

27 


XI H 

10 2 

13 8 

35 


TH 

12 0 

17 0 

42 


TG 

80 

11 G 

45 


RCSH 

5 2 

8 0 

71 


GTir 

33 

11-0 

233 


JTS 

52 

21 3 

313 


C X 

04 

3 C 

800 
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Fig 5 The effect of mdirect heating on the calf circulation after femoral occlusion following 
severe exercise of the posterior calf muscles 


TABLE IV 


Subject 

Average of 3 highest flows after 
exercise with femoral artery 
occluded 

(ml /1 00 ml calf /nun ) 

Percentage 
increase 
due to 

TE AB 

l Percentage 
increase 
due to 

indirect heating 

Without 

TE.A.B 

With 

TE A.B 

JIH 

10 2 

11 1 

0 

35 

TE 

12 0 

18 6 

54 

42 

HAIcC 

C 2 

11 3 

82 

— 

RGSM 

52 

12 0 

142 

71 

G TJZ 

3 3 

12 0 

204 

233 


JTS 


5 2 


21 0 


304 


313 
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Discussion 

TJtc results obtained from these experiments indicate tlmt indirect 
heating and TEAB increase the calf blood flow in the 6 to 10 minute 
period following acute occlusion of the femoral artery both under resting 
conditions and m response to exercise The increase in the resting flow is 
not due to a rise m general blood pressure resulting from these procedures 
since if indirect heating raised the blood pressure at all it usually did so 
only slightly, and TEAB generally caused no change or a slight drop m 
pressure Further, there was no significant difference in the blood pressure 
when exercise was carried out alone, or in combination until indirect heating 
or T E A B 



big G The oflict of T E.A 13 on the cnlf circulation after ft moral ootluxion following <w»\erc 
oven I'-e of the posterior cnlf muscle* 


Two possibilities remain to explain the increase in calf blood flow after 
occlusion produced by TEAB and indirect heating The blood flow 
through the cnlf as ordinarily measured i« presumablj chicflj determined bj 
the calibre of the vessels of the calf enclosed m the plethv smograph since the 
proximal \cssels are large After occluding the femoral artery , the proximal 
■vessels are much smaller, and calf flows recorded under these circumstances 
mn\ collect v a blv be affected as much bv the calibre of the proximal collateral 
vessels as by that of the calf vessels The increase m blood flow that occurs 
with indirect heating and TEAB m the presence of femoral occlusion 
might be due to an affect of the=e agents on either of the two senes of vessels 
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mentioned Tlxe following facts suggest that the effect of indirect heating 
and T E A B is largely on the collateral vessels In a given subject exercise 
as described with free circulation may raise the calf flow to 35 nil /100 
ml /min Exercise with femoral occlusion produced calf flows up to 4 ml 
Exercise with femoral occlusion plus indirect heating or T E A B produced 
flows up to 14 5 ml and 13 5 ml /100 ml /mm respectively It may be 
assumed that exercise had produced a maximal dilatation of the calf vessels , 
the further increase effected by indirect heating and T E A B must be 
attributed to their action on the collateral vessels 

Owing to the close proximity of the femoral vein and femoral artery, 
the method of compression used m these experiments probably occluded 
not only the artery but also the vein As the extent of this occlusion was 
probably similar for each subject on each occasion tested, any change 
incurred by simultaneous compression of the vem should be relatively 
constant Moreover, it seems unlikely that the venous occlusion can have 
affected the flows during the early period of compression, uluch alone is 
considered in this paper 

It was considered whether increased formation of metabolites might 
occur owing to the rise m body temperature duo to indirect heating and so 
cause dilatation of the collateral vessels The degree of heating used m 
these experiments raised the body temperature about 2°F and it seems 
unlikely that this could cause sufficient extra metabolite formation to account 
for the increase m collateral blood flow above the level present without 
heating In addition, T E A B , which caused a similar increase m flow, 
is not known to increase metabolite accumulation but owes its results entirely 
to blookmg autonomic ganglia 

It could perhaps be argued that this extra increase m flow winch occurred 
when exercise was carried out during indirect heating or following T E A B 
might have been due to the previous occlusion having facilitated the re- 
opening of the collateral anastomoses That tins was not so was demon- 
strated by repeating maximum exercise on some of these subjects without 
indirect heating, when no extra increase was demonstrable 

Finally, as mdireot heating acts reflexly in releasmg vasomotor tone, 
the efferent pathway being the sympathetic nervous system, and as the action 
of T E A B is due to the blocking of nerve impulses through autonomic 
ganglia and, what is more important m the present discussion, to the blocking 
of these impulses through the sympathetic gangha, it follows that these 
collateral vessels are under the control of the sympathetic nervous system 
It is, therefore, the release of the vasomotor tone imposed by this system 
which permits the increase m collateral blood flow resulting from these tests 

Summary 

1 The blood supply to the calf has been studied m young healthy 
adults, following acute occlusion of the femoral artery 
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2 Indirect heating and tetraethylammomum bromide increase the 
blood supply, both under resting conditions, and in response to exercise 

3 This increase is due to a dilatation of the collateral vessels 

4 As indirect heating and tetraethylammomum bromide act by 
releasing sympathetic vasomotor tone, it is the release of this control which 
causes the collateral vessels to dilate and the blood flow through them to 
increase 
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SODIUM AND POTASSIUM EXCRETION IN CHRONIC 
RENAL FAILURE 

By ROBERT PLATT * 

( From The Department of Medicine, University of Manchester ) 


Introduction 

It has been know n for many years that salt deficiency may occui m cases of 
chronic renal failure (7) More recently it has been shown that in rare 
instances patients may develop symptoms simulating Addison’8 disease (10), 
while others die suddenly from the effects of potassium retention (3) What 
is really much more remarkable is that patients whose functioning renal 
substance as estimated by modem clearance methods, must be no more than 
a fifth or a tenth of the normal and whose blood urea level is greatly elevated, 
may yet live for months and m some instances for years, maintaining plasma 
levels of sodium and potassium which are strictly within normal limits 

This investigation attempts to throw r light upon the mechanism by 
which the failing kidney maintains the normal quantity of these electrolytes 
in the body fluids 


1 Sodium 

The sodium load presented to the tubules, in other words the amount 
of sodium filtered by the glomerulus in unit time, is represented by the 
product of the plasma sodium and the glomerular filtration rate In the 
present miestigation glomerular filtration rate was estimated by the 
endogenous creatinine clearance, which was compared with the inulm 
clearance m a few instances 


Thus if the plasma sodium is expressed in milliequnalents per litre, 

UV 

the sodium load equals P^ x -p (Cr) in mEq/min where P = plasma 

concentration U = unnarj concentration and V = unnarj volume m ml 
per minute The question in which we are interested is how the tubules 
deal with the sodium load presented to them, that is, what proportion they 
reabsorb, and what proportion the\ excrete, for this is an indication of the 
mode of function of individual tubules Normally more than '*0% of the 
filtered sodium is reabsorbed 


* Tlu author « i-he* to thank Dr M H Ro-coo for the anah *is and other member- 

of In- rvtnfT for <lis.u<»ion, entiu-m am! technical n-^istancc 
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If the percentage of the sodium load which is excreted equals Y, then 
the amount of sodium excreted = UV (N&) = P (N&) X ~ (Or)), 

UV P 

therefore Y = -p— (Na) X pjy (Or) x 100, 

which is equivalent to 100 X ? , odium clearance 

glomerular filtration rate 

and as V is the same in each case therefore 

U P 

%Na excreted = Y = 100 x p (Na) X ^ (Or) 

This has the great advantage of eliminating Y, the biggest source of error 
m all investigations of this kind since it is dependent upon aocurate bladder 
emptying and unne collection 

We define renal insufficiency as a state m winch as a result of chronic 
progressive disease, the kidney has a significantly reduced urea or creatmine 
clearance and is unable to produce a concentrated unne By renal failure 
we mean a more advanced state in which permanent changes m the chemical 
structure of the body fluids (as shown for instance by a raised plasma urea 
or creatinine) have taken place By this definition nearly all our oaseB had 
renal failure The commonest causes of this syndrome are chrome atrophic 
pyelonephritis (with or without hypertension) , chronio Type 1 nephritis 
m the latent or terminal stage , and malignant hypertension The pathology 
of our cases is shown in Table I We have not been concerned until the 
cedematous syndromes of renal disease except in a few instances of terminal 
Type 2 nephritis, and in cases accompanied by heart failure, both of which 
will be referred to separately 

Methods 

Plasma (oi serum) and unnary values for sodium, potassium and 
creatmine were estimated m out-patients on samples of blood and unne 
collected at approximately the same time In in-patients, timed collections 
of unne were made (not by catheter) usually over 3 hour or 24 hour penods, 
to estimate creatinine clearance 

The simplicity of these methods made the investigation readily 
applicable to a large number of out-patients who were in astateofequihbnum 
for the time bemg in the sense that their condition was not rapidly 
detenoratmg It was particularly these cases which we wished to study 

We do not propose to enter mto the controversy as to whether endogenous 
eieatinine clearance represents a true measure of glomerular filtration rate 
Almost certainly it is merely an approximation Brod and Sirota (2) have 
shown that it is reasonably close to muhn clearance both in normal subjects 
and in patients with renal failure Black and Stanbury (I) have studied 
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changes in glomerular filtration rate produced by variations m blood piessurc, 
using inulin and creatinine clearances, and have found no instance m which 
the change of one was not reflected by a similar change m the other although 
the two values were not identical Studies on cases of severe rennl failure 
shown in Table II of this paper show the similarity (though not the identit} ) 
of muhn and creatinine clearances and of data calculated therefrom 

Creatinine w ns estimated by the method of Brod and Sirota (2) Sodium 
and potassium wore estimated by flame photometry Inulm clearances 
x\ cic estimated after the subcutaneous injection of 50 ml of 10% inulm with 
procaine If the first clearance period is commenced not less than an hour 
after tho injection, stable plasma inulin levels can be maintained for several 
hours Unno samples for inulm clearances were all obtained by catheter 

TABLE I 


\aturc of disease i>i studied 


1 

\\ ith severe 
hypertension 

\\ ithoiit severe 
hypertension 

Chronic atropine pyelonephritis 

3 

G 

( hronn (Type 1) nephritis 



luminal (Type -) nephritis 

I 


Vlahgnant hypertension 

4 


Other renal failures 

(Hvpen nletemm 1 Unknown 2 Calculus, etc , 

> 

3 

Bringn hvporU nsitin with renal uisiiflkieiirj 

3 



17 

9 


Result s 


The normal value of Y, that is the percentage of the sodium load 
cxtrcfcd, was w orbed out on health} persons Except on a diet abnormal]} 
Ion in sodium such as the nec diet, Y vanes from about 0 4 to 1 5% The 
ingestion of fixe grams of NaCI at breakfast, after a previously normal salt 
intake gave nsc to a maximum excretion of 1 75% of the sodium load, and 
this was at a time of da} when sodium excretion is normally at its height 
This max therefore be taken as the upper limit of Y on ordmarx diets, and 
values do not usually varx more than from 0 5 to 1 5% Fig 1 shows the 
results of 4G determinations of the percent-age of sodium excreted in 2G 
patients with renal msufficicncx All but four of these had renal failure 
with serum creatinine levels ranging from 2 1 to 19 G mg Four had a lesser 
degree of renal msufticienci The percentage of sodium excreted is charted 
against serum creatinine as an indication of the degree of renal failure It 
would have been preferable to chart it against creatinine clearance but this 
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would have excluded a laige number of out-patient observations m which 
accurate timing of unne collection could not he earned out and so the 
creatinine clearance could not be calculated The chart clearly shows that 
as renal failure advances there is a general tendency for the percentage of 
sodium excreted to increase It is also clear that most of the cases m which 
heart failure co-existed with renal failure (marked with open circles) were 
exceptional m showing a percentage excretion of sodium which was not 
commensurate with the degree of renal failure 



Discussion 

Some patients with renal failure, especially cases of clironio atrophic 
pj elonephntis without hypertension, 1 X 111 live for several years with blood 
urea levels of more than 100 mg per 100 cc, and urea clearances of less 
than 10% of the average normal It is convenient to refer to such patients 
as being in a state of equilibrium m the sense that their serum levels for 
urea and creatinine, although greatly raised aboVe normal, do not change 
very much from month to month, and their serum levels for sodium and 
jiotassium are normal In order to maintain this state of equilibrium on an 
ordinary diet it is clear that such patients must excrete normal quantities 
of urea and creatinine m a 24 hour period This they do partly by main- 
taining excretion by night as veil as by day, and partly by maintaining a 
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high plasma level of creatinine and urea so that the glomerular filtrate, 
although great]}' reduced m volume, contains a much higher concentration of 
these substances Similarly patients of this kind must bo excreting an 
adequate quantity (depending upon their diet) of sodium and potassium 
m the 24 hours, but this is done without any nse in the plasma level by 
reducing tubular reabsorption, or, m other uords, by increasing the value 
of y, the percentage of the 6odium load excreted Referring to the original 
formula for the percentage of sodium load excreted 

UV P 

Y = -p (Na) X m (Cr) X 100 

since the value of UV for sodium and for creatinine will remain more or less 
constant, as mil also the value for plasma sodium, Y must increase roughly 
m proportion to P (Cr), the plasma level of creatinine We hat o already seen 
(Fig 1) that this is what appears to happen Wien heart failure supervenes 
this relationship is disturbed and sodium is retained 

Stalnttcal -Dialysis of Data (Fig 1) It appears that there mnj be a linear relationship 
hi tween the percentage of sodium excreted and the Berum creatinine or 

•p (Xn) X ^ (Cr) X 100 <rP(Cr) 

Since P (( r) appears on both sides of tins expression it is not permissible to find if then, is a 
correlation between them, but when P (Cr) is eliminated 
U 100 

p (Ne) > -pp (Cr) CC 1 or = a constant, F 

If the \ nhic6 of F form a scries about a mean (I ) and do not show too much scatter it can be taken 
that then is a linear relationship and this can be expressed bj the formula 

p (No) x p (Cr) > 100 = F x P (Cr) 

Taking tin 31 examples in tig 1 plotted ns closed urclcs F = 0 502 (standard error 0-036b) 
Although the scatter is considerable, the standard donation being ± 0 2, the t test shows that 
the prohnbihtv that the mean is not significant is less than 0 001 

Thus the mean value of \ (% X'n excreted) = 0 r i x (P (Cr)) in mg per 100 ml This 
n lationslnp is shown In the hcavv line, the standard dev mtion being shown bj the lighter lines 
m Fig 1 

Pleven cases with cluneal evidence of heart failure arc shown m Fig 1 bj open circles F 
here is 0 20 (standard error 0-039) Comparison of tins with the mean of the previous senes 
shows that the difference (0 3) is significant the standard deviation of the differences being 
0 105 and t = 2 S7 Other ea«os with low salt excretion and low values of F (not included m 
Fig 1) were tiro normal subjects on the rice diet (F = 0 07 and 0 08) a rase of renal failure on 
the noo diet (1 = 0 02), and 7 cases of Type 2 nephritis with cedema (F = 0 25) Some of the 
latter were however, on low salt diets 

A high sodium excretion is shown bv the 4 eases indicated bj crosses in Fig 1 F vras in 
each rase greater than 10a value abo seen in one normal after taking 6 gm NaCl The o 
en'cs linve been arbitrnrilv excluded from the mam senes It would 60 cm that thev were not in 
sodium equilibrium (3 of them had clinical evidence of dehjdrntion) but examination of the 
figures shows that thev lindvcrv lowvaluesforunnorj creatinine so that fheirereatinme clearance 
mav not have been representative of their G.F Jt 

Given that the percentage of the sodium load excreted increases ns 
renal failure progresses the question arises as to whether this increase is 
fortuitous and simply due to the inability of tubules to reabsorb sodium 
efficiently or whether the maintenance of serum sodium is still under the 
influence of a controlling mechanism Failure to reabsorb the normal 
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percentage of sodium in the tubule could be due eithei to inefficient function 
of damaged tubule cells, or to tubular dilatation, a condition commonly present 
m these cases, which might lead to a state of affairs m which the aval stream 
had insufficient contact with the tubule cells The rate of passage of 
glomerular filtrate through the tubules may also be a factor, but the fact 
that these cases can remain m a state of equilibrium, with a normal serum 
sodium, for many months at a time, seems difficult to reconcile with a purely 
fortuitous relationship between failure of the tubules to reabsorb and reduction 
in the amount of glomerular filtration 



Most probably both factors are at work for it would seem that at least 
in the cases which develop salt-deficiency, the control has failed Thom, 
Koepf and Clinton (10) shoved that m their “ salt-losing ” cases there was 
no response to DOCA and u e have confirmed this in two salt deficient 
cases, but this may mean that m these exceptional instances the adrenal 
cortex is already exerting a maximal stimulus It is not very easy to 
examme the effect of D 0 C A m milder cases which aie m a state of 
equilibrium, as there are always small diurnal variations m salt excretion 
even uhen the diet is intended to be constant m sodium content Tuo cases 
in which v e have given DOCA seem to have shown a slight response 
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I( is also difliciilfc lopidge the effect of adding extra salt There is usually 
no immediate renal response to the ingestion of moderate doses (2 or 3 grams) 
of NeCl in renal failure, but one must not forget that many cases probably 
lunc some degree of dehydration, and that water and salt maj be retained 
together to make up a slightly depleted plasma \olumc 



tig 3 


Two experiences "=eem to show clearh that in moderately advanced 
renal failure the tubules can still conserve sodium under certain circumstances 
Thus when the rice diet which is low m sodium, was taken, the percentage of 
the sodium load excreted, which had previously been raised, became icn 
low and remained thus until a more normal diet was resumed (Fig 2) The 
other experience is m the dexelopment of heart, failure The patient from 
whose data Table III was compiled was gnen 5 grin XaCl daily This 
precipitated heart failure which was accompanied a sudden fall m sodium 
excretion and m glomerular filtration rate 

It is hoped to elucidate further the mechanism of sodium excretion m 
renal failure b\ other experiments to be published later 

2 Potassium excretion 

When the excretion of potassium is studied by the same methods and m 
the same tipe of case the results m general are similar (Fig 3) but since the 
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percentage of the potassium load excreted is normally much greater than 
that of the sodium load, and the same land of relationship exists between 
the percentage of potassium excreted and the height of the serum creatinine, 
we find rather unexpectedly that m cases of severe renal failure the percentage 
of the potassium load excreted is greater than 100, and in occasional cases 
is in the region of 200 or even 300 This was also noticed by Leaf and 
Camara (5) using creatinine clearances, and has been confirmed m three of 
the cases (see Table II), in which mubn as well as creatmme clearance was 
estimated This can mean one of two things either potassium is being 
actively excreted by the tubules, which is the probable explanation, and 
which, if true, would provide further evidence that the tubule cells have not 
lost their function in renal failure , alternatively mulrn and creatmme are 
being reabsorbed m these cases and therefore their clearances no longer 
represent the glomerular filtration rate There seems to be no good reason 
for thinking that a large moleoule such as mnhn should be reabsorbed by 
the tubule cells m cases of renal failure and it seems more likely, smce these 
cases can remain m equilibrium as far as serum potassium is concerned, for 
many months, that a meohanism can be brought into play when necessary 
for the tubular exoretion of potassium A dilated tubule might for reasons 
already stated have difficulty m reabsorbmg some of the solutes passing 
through it but the same difficulty would not apply to the excretion of 
substances from the peritubular capillaries provided that the tubule cells 
were still able to function The fact that Bugar never appears in the urine, 
even in cases of advanced renal failure, is proof that at least one of the 
functions of tubular epithelium is preserved 

Keith, King and Osterberg (4) have produced a potassium clearance 
greater than that of muhn by giving large doses of potassium to dehydrated 
persons, and McCance and Widdowson (6) noted a similar occurrence m a 
case of renal insufficiency due to alkalosis The excretion of potassium load 
in their case was 124% on admission and 18 5% after recovery The 
mulm clearance at the same time increased from 9 3 to 55 7 ml per minute 

Statistical analysis The potassium excretion may be considered 
statistically in the same way as the sodium but the relation to serum 
creat inin e is much closer F for the 24 cases of the main senes in which K 
was estimated is 8 0 (standard error 0 190) so that — 

Mean % K excretion = 8 6 X (serum creatmme m mg per 100 ml ) 

This is shown by the heavy hue m Fig 3, which also shows the area covered 
bj the standard deviation of ± 0 93 The 3 cases with heart failure did 
not have lower potassium excretions than the others, but m the cases with 
the lowest sodium excretion, potassium estimations were not made Two 
of the four cases vlnch had unexpectedly high sodium excretion vere found 
to have a similarly high potassium exoretion out of Ime with the other 
cases These have not been mcluded in the analysis 
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A note on Phosphate clearance in Renal Failure 

It is interesting to note that in the four severe cases of renal failure 
investigated by inuhn clearance (Table II) the phosphate clearance approached 
but did not exceed the inuhn clearance The serum inorganic phosphate was 
very high although the potassium was normal 

Homer Smith (9) has shown that m normal dogs the phosphate clearance 
approaches, but does not exceed, the mulm clearance, at high plasma 
phosphate levels, and Pitts and Alexander (8) have shown the same 
phenomenon in dogs comparing phosphate and creatinine clearances 


TABLE m 


A J Malignant hypertension 


Date 

Urine 

Vol / 24 
hra 

Urine 

Na 

(mJEq /l ) 

Serum 

C /Creat 

0/ 

/o 

Na 

excreted 

Na 

Creat 

2 4 49 

1380 

90 

139 


20 ml /mm 

33 

Nad 6 gm 

given daily u 

ntd 8 4 49 

(Heart failure 

1 

) | 



8 4 49 

668 

27 

164 

80 



10 4 49 

490 

20 


— 

4 0 

1 4 

11 4 49 

470 

22 

140 

9 0 

3 1 

1 0 

14 4 49 

470 

26 

— 

— 

1 

28 

20 


We do not propose to decide on the basis of four cases whether tubular 
excretion of phosphate may occur in man We can only say that there is no 
evidence of such a mechanism here despite an extreme plasma phosphate 
level in one instance and a potassium clearance three times that of inuhn 
The fact that the serum potassium remains normal while the serum phosphate 
rises, suggests that the latter is handled m a manner more comparable with 
the handling of creatinine and urea 

Sttmmaby 

In chronic renal failure patients may preserve over long periods a normal 
plasma level of sodium and potassium in spite of greatly increased plasma 
levels for urea, creatinine and inorganic phosphate 

A study of 26 cases of renal failure has been made by comparing sodium 
and potassium clearances with creatinine (and in four instances mulm) 
clearances 
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This shows a general relationslup between the percentage of Bodiiun 
oscapmg tubular reabsorption, and the degree of renal failure Thus plasma 
sodium is maintained despite a low glomerular filtration rate, by a reduction 
m tubular reabsorption 

The question whether this mcreased excretion of sodium is due to tubular 
insuffioienoy 01 due to the continued operation of mechanisms for main- 
taining plasma sodium level is discussed 

In the case of potassium the same general relationship holds, but m 
some instances the potassium clearance greatly exceeds the muhn and 
creatinine clearances, suggestmg that tubular excretion of potassium may 
take place This has not been shown m the case of phosphate 
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RENAL FUNCTION STUDIES IN ACUTE TUBULAR NECROSIS 

By G M BULL, A M JOEKES and K G LOWE, 
with technical assistance of Mies B EVANS * 

( Fiom the Department of Medicine, British Posl-Oraduate Medical School ) 

In the course of developing a method of treating urtemia (7) we have 
investigated over one hundred patients suffering from anuna or extrepie 
oliguria In some of these, the cause was demonstrated to be Vcute 
nephritis, malignant hypertension, Obstructions to the urinary tract and 
"'—Suppurative conditions of the kidney These do not call foi discussion 
under the above title In a large number of patients, however, other 
primary conditions were responsible fop, the renal failure These included 
anuna following such . causes — as— Gue sted po isons. Prisma tched bloo d 
transfusion, Abortion, feficealed accidental haemorrhage, shock,” surgical 
operations, etc It was of interest that all the latter types of anuna 
presented a uniform pattern of disturbed renal function charactensed by 
evidence of gross tubule disfunction and extreme dimmution m renal blood 
flow ^fche uniformity of functional disturbance was paralleled m the fatal 
eases by a characteristic pathological picture The term “ acute tubular 
necrosis ” is used in this paper to include the wdiole group This is a 
descnptive pathological term and avoids the unsatisfactory word nephrosis 
as was used by Luckt's ( 18) w ho i n 1 i)4fi propose d “ lower nephron nephrosis/’ 
for the condition - herebeing considered Anatom ically t he characteristic 
lesion is a neorosis and subsequent regeneration of the renal tubular 
epithelium The incidents that may lead to this picture include abortion, 
muscle crushing injuries (“the crush syndrome”) (10), intravascular 
haemolysis, various poisons and prolonged renal ischaemia from any cause 
It is fully appreciated that episodes of tubular disfunction may occur without 
necrosis of the renal epithebum , such disfunction would not necessarily 
be accompanied by okguna In his review, Luck6 (18) estimated the mortality 
of the “lower nephron nephroses ” at 90%, although this was m no way 
related to a failure of the tubule cells to regenerate, but rather to a failure 
of the patient to survive sufficiently long for renal function to have recovered 
to some extent 

Vanous hypotheses have been advanced to explain the pathogenesis 
of different {etiological types of the acute tubular necrosis group Many 
of these have been based on the pathological findings alone Others involved 

* We are much indebted to the many colleagues who ha\e referred patients to our care 
and to Professor R H A. Plimmer and his staff for biochemical estimations Miss R Simmonds 
and the staff of the dietetics department. Sisters Barker, Corrigan, Gollegly and Rerwin and 
their respective staffs Miss P Burrows for the figures and Professor J McMichael for assistance 
with the manuscript 
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speculation without any significant functional data The present report 
deals with the pattern of disturbed renal function in acute tubular necrosis 
and the significance of these findings m relation to the pathogenesis of the 
condition 

Material and methods 

Thirty-four patients were investigated and are listed in Table I , certain 
illustrative cases are described in detail m an appendix (pp 395 - 404 ) 


TABLE I 

Patients investigated 


Patient 

Age 

Sex 

Diagnosis 

G449G 

38 

P 

Anuria following abortion 

86878 

27 

F 

It It tt 

86340 

27 

F 


90610 

24 

F 

t tt r 

92489 

20 

F 


93943 

27 

F 


94136 

10 

F 


MP 

20 

F 

tt tt t 

80763 

23 

F 

Anuria following liremolytic blood transfusion reaction 

86000 

20 

F 

tt tt tt tt tt tt 

86071 

34 

F 

tt tt tt tt t tt 

88670 

42 

F 

It tt tt t It t 

89088 

32 

F 

tt tt tt tt tt tt 

03105 

26 

M 

It tt It tt tt f 

98811 

70 

M 

tt 1 t >1 

99107 

40 

F 

tt tt tt ft tt 

109702 

41 

F 

tt tt tt tt it >» 

BW 

00 

M 

tt tt tt tt t It 

02008 

30 

F 

Anuria follow ing hremolytio blood transfusion reaction or severo 
post haunorrhagio shock 

93123 

39 

F 

It tt tt tt It 

87680 

62 

F 

Anuna following post opera tn e shock 

100031 

60 

F 

tt It It It It 

T/QC 

33 

F 

Post hiemorrhagic shock with subsequent anunn 

82603 

30 

F 

Anuna following concealed accidental hsomorrhnpe 

MK/183 

41 

F 

It It tt ft tt 

T/C'AI 

30 

F 

tt tt tt ft It 

03980 

41 

F 

tt It tt It tt 

98936 

22 

F 

It tt tt It t 

N/T 

33 

F 

t tt tt tt tt 

H/P 

31 

F 

Pregnancy toxceima, c cesarean operation, operatn e shock, 
anuna 

80195 

30 

F 

Anuna following mercury poisoning 

89904 

21 

F 

It tt tt it 

70182 

64 

F 

Anuna following ? mj anesin poisoning 

97194 

47 

H 

Anuna following prolonged \omiting and diarrhcen No 
response to correction of extra renal factors 
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It -was necessary to obtain data on the lenal blood flow, the glomerular 
filtration rate and tubule function In the main, standard procedures were 
used and are listed in the ajipendix on methods (pp 393-395) It became 
dear that in the conditions being investigated, tubule function Mas defective 
at certain stages of the illness This made the ordinary clearance procedures 
for determining renal blood flow and glomerular filtration invalid However, 
it was possible by a more elaborate technique involving the sampling of 
blood from the renal vein by means of a venous catheter and the simultaneous 
determination of clearances (31), to obtam satisfactory observations on the 
renal blood flow ( see p 394) When this technique is used, both parenchymal 
blood flow and blood flowing through other intra-renal channels or shunts 
is included m the figure obtamed 



Fig 1 Dotn on n patient suffering from ncute tubular necrosis illustrating the different phases 
Loir values of U [P urea indicate tubule disfunction ( see later) The continuing poor 

tubular function after the onset of diuresis is shown and is the hallmark of the early diuretic 
phase 


Results 

A The course of acute tubular necrosis 

An essentially similar pattern of disturbed renal function was found 
m all cases, despite varying primary causes for the anuna or extreme 
oliguna The causal states naturally coloured the clinical picture, but, 
despite tins, all cases ran a similar course Other workers have clearly 
appreciated the fact that the course of the disease can be divided into phases 
that have differing clinical features and patterns of renal disfunction (21) 
After an onset phase such as a period of severe and prolonged “ shock ” 
or a period during winch a toxin such as mercury is acting, there follows a 
phase of anuria or severe oliguria (here defined ns less than 300 ml unne 
per day) which lasts from a day to as long as three weeks In patients who 
recover, the nnunc or oliguric phase is followed by a gradual, or, less 
commonly, a sudden increase m daily unne volume When the daily unne 
volume exceeds 1 litre, the patient is said to be in the early diuretic phase 
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During the early days after the re-establishment of unne flow, tubule function 
is virtually absent but reoovers after a further period When evidence of 
returning tubule function is obtained, the patient is considered to have 
passed into the late diuretic phase Dig 1 illustrates the various phases m 
a patient suffering from acute tubular necrosis followmg self-induced 
abortion 

The data presented deal with patients suffering from acute tubular 
neorosis of all types investigated Ip the appendix (pp 395-404) examples 
of acute tubular necrosis of varied {etiology are presented in detail 

B Tubule function 

Tubule function has been studied m four ways — 

1 The ability of the tubules to concentrate waste products is shown by 
the capacity of the kidney to raise the concentration of urea or creatinine 
to levels greater than in the blood This is expressed as the ratio — 

Urine concentration of urea or creatinine 

Ki 7 — i 7 7 = U/P urea or creatinine 

Plasma concentration oi urea or creatinine ' 



Fig 2 The ability of the kidney to concentrate urea and creatinine in the urine in acute tubular 
necrosis as illustrated by the findings in patient 80763 

The loir figures for the ratios unne/plasma urea and creatinine indicate poor tubule 
function The delay in the return of tubule function after the onset of diuresis is typical 


In health, these ratios may exceed 100/1 especially when the unne flow is 
low With severe depression of tubule function, ratios of 1/1 will be 
approached whatever the rate of unne flow Dig 2 shows the behaviour 
of these ratios m an illustrative case 

It will be seen that the U/P ratios for urea and creatinine approach 1/1 
indicating very severe tubular damage Durthermore, tubule function 
recovers some time after the onset of a diuresis This continuation of the 
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defective tubule function after the onset of diuresis characterises the eaily 
diuretic phase Table II shows the U/P ratios for urea and creatinine m 
other patients 


TABLE II 


The ratios of urtnelplasma concentrations of urea and creatinine 
tn patients suffering from acute tubular necrosis 


Patient 

I 

Moan ratios in olipurie phase J 

Ratios on day of 1 litre diuresis 

Urea j 

Creatinine 

Urea 

Creatinine 

1 

80753 

1 

1 S 

7 0 

1 

18 , 

4 3 

00510 1 

1 5 1 

3 0 

1 4 ! 

4 8 

02008 

1 5 

1 4 

1 4 i 

0 0 

03843 

1 0 

3 1 

1 8 l 

3 4 

04135 

1 7 

2 1 

23 

2 3 

80004 | 

— 

— 

00 

— 

80105 l 

1 

— 

1 0 | 

— 

100031 

2 0 

0 0 

33 

— 

08011 ; 

2 0 

— 


— 

80340 

1 2 

— 

1 8 

— 

01704 

3 1 

i 

1 8 

— 

80088 1 

: 08 

i 

— 

— 

00107 

1 1 7 



1 7 

— 

85071 

1 

— 

24 

— 

TQC 

2-0 

— 

1 9 

j 

MR1S4 

32 | 

— 

— 

1 

100702 

1 2 

— 

1 3 

— 

N/T 

2 2 

— 

1 5 

1 

1 

Mean 

1 03 

j 4 00 

1 78 

j 3 14 


These low U/P ratios indicate that severe tubular disfunction occurs 
regularly in this condition 

2 The ability of the tubule* to conserve tons When low plasma levels 
of sodium, chloride or potassium are present, normal kidneys meet the 
body’s requirements for these ions by actively re-absorbing them from tho 
glomerular filtrate so as to produce high plasma/imne (P/U) ratios for these 
substances Indeed a normal ludney can elaborate urine so low m chlorides 
(high P/U ratio) as to contain less than many samples of tap water In 
certain of our patients, the plasma levels of sodium and chloride w ere veil 
below the normal levels, yet, m all these cases, the unne contained 
considerable quantities of sodium and chloride This is a further indication 
of gross tubular disfunction Fig 3 shows the findings in a topical case 

Considerable tubule disfunction thus demonstrated, persists for an 
appreciable time after the onset of diuresis It will be understood that if 
there is sufficient daily intake of these ions to meet the body’s requirements 
or if the plasma level of the ions is normal, these ratios cannot lie used to 
demonstrate tubule disfunction The fall m P/U ratio for chloride on day 
2S m the figure does not represent a recurrence of tubule disfunction but 
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merely indicates that the body requirement for chloride has been met 
Table III shows the P/U ratios for sodium and chloride m a number of 
patients m whom the conditions permitted the demonstration of tubule 
disfunction 



Fig 3 The ability of the kidney to conserve chloride ion under conditions where this con 
servation should normally occur in a patient with acute tubular neorosis following mercury 
poisoning 

For interpretation see text 


TABLE HI 


The ratios of plasma /urine concentrations of sodium amt Monde 
*n patients suffering from acute tubular necrosis 


Patient 

Mean ratios in oligurio phase 

Ratios on day of 1 litre diuresis 

Sodium 

Chloride 

Sodium 

Chloride 

80763 

3 0 

3 3 

34 

3 8 

00610 

22 

2 0 

24 

2 1 

02008 

2 0 

2 3 

2 3 

2 4 

03043 

1 8 

1 9 

1 5 

1 2 

94136 

I 7 

1 8 

2 2 

2 8 

89064 



— 

1 0 

1 3 

89106 

— 



1 0 

1 4 

98611 

1 0 

1 8 

— 

— 

80349 

— 

1 2 

— 

— 

91794 

— 



— 

2 0 

89088 

— 

1 3 

— 

' 

99107 

— 

— 

— 

1 5 

86071 



— 

1 3 

TQC 

— 

1 2 

— 

3 5 

109762 

1 4 

1 4 

1 5 

1 4 

N/T 


— 

— 

1 3 

Mean 

2 05 

1 82 

1 96 

20 
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Distui banco of tubular regulation of ion concentration can be shown 
in another way In the figure on page 399 the sodium and chloride intake 
and output m acute tubular necrosis are plotted During the early diuretic 
phase, the patient was m conspicuous negative sodium and chlonde balance 
despite abnormally low blood levels of these ions 

Similarly, the tubular reabsorptive capacity for potassium under 
conditions of potassium lack was shown to be defective in three patients 
in whom the point could be examined The figure on page 400 shows data 
on one of these In another patient, potassium loss was sufficiently severe 
to cause a flaccid paralysis which responded to potassium administration 
3 The extraction of para-ammo-lnppurate from the blood by the ltdney 
At low levels of para-annno-bippurate m the arterial blood, the kidneys 
normally remove between 85 and 100% from the blood flowing through 
them, that is, the extraction of para-ammo-hippurato (E PA11 ) is 85-100% 
E paji was estimated m several patients at various stages of the illness 
In each case the arterial level of PAH was below 3 mg per 100 ml As 
PAH extraction is a tubular function, low figures indicate tubule disfunction , 
lenal vascular shunts might similarly lower E PAU but this factor is excluded 
on other grounds ( see p 394) Fig 4 show's the results of estimations of 
Erxu m 7 patients 



Fig 4 The percentage of renal extraction of pern ammo Inppnrate m patients suffering from 
aeuto tubular necrosis 

Tlio low values for Erui indicate tubular disfunction The extraction improves with 
time after the onset of the condition 

4 Tubular reabsorption of glucose The amount of glucose reabsorbed 
can bo estimated and in normal women is 303 ± 56 3 mg per minute (13) 
This is known as Tm 0 and low values indicate a diminution m the functional 
capacity of the proximal convoluted tubule In turn patients w o determined 
Tm 0 and the following results were obtained — 

In patient 82503 on the 19th day after onset, the Tm Q was 107 mg 
pci minute when the simultaneous glomerular filtration rate was 45 ml 
per minute and para amino-lnppuiate clearance was 224 ml pei minute 
In patient MR 181 Tm 0 was 213 mg per minute when the simultaneous 
glomerular filtration rate was 74 ml per minute and the paia-amino-hippurate 
clearance was 200 ml per minute 

In both patients the Tm„ was low In several patients m whom the 
blood sugar was not artificially raised, we attempted to demonstrate 
glycosuria but were able to piove its presence m one case only 
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The dwalion of tubule disfunction 

The various tubule functions return at slightly variable intervals after 
the onset of diuresis The special risks resulting from tubular disfunction 
in the early diuretic phase become negligible when tubule function has 
lecovered to the pomt at which the following ratios are found — 


U/P urea 

10/1 

U/P creatinine 

20/1 

P/U sodium and chloride 

6/1 


The clinical duration of the early diuretic phase may be estimated by taking 
the mean jieriod for recovery of these functions Table IV shows the 
duration of the oliguric and early diuretic phases in patients with acute 
tubular necrosis 

TABLE IV 

The duration of the oltgunc or attune and early dtureitc phase* 
in patients suffering from acute tubular necrosis 



I Duration of oligunc or 

Duration of early diuretic 

Patient 

nnunc phase m days 

L - - . 

phase in dayB 

80349 

i 

14 

10 

90610 

17 

17 

93943 

23 

10 

94135 

14 

9 

807C3 

0 

8 

92008 

11 

9 

100031 

7 

5 

TQC 

12 

10 

T 

7 

IS 

89196 

11 

12 

89904 

12 

11 

109762 

9 

10 

N/T 

12 

18 

Mean 

11 8 

120 


This shows that the duration of the early diuretic phase is approximately 
the same as the anuric or oliguric phase that precodes it From the point 
of view of treatment, the special dangers of the early diuretic phase are 
uncontrolled mineral and water loss Careful control of imneral and uater 
intake is therefore necessary after the onset of diuresis for a period as long 
as the preceding ohgunc phase 

C JRenal plasma flow 

When the tubule function was defective as shown by the tests indicated 
above, the renal plasma flows were estimated by the procedure outlined 
on p 391, whioh involved the estimation, by means of renal vein catheterisa- 
tion, of the extraction of various substances and their simultaneous 
clearances Where tubule function was normal, as occurred later in the 
course of the illness, the ordinary clearance procedure (p 391) was used 
That this latter method was valid may be assumed from the faot that the 
extraction of para-ammo-hippurate nses progressively from the onset 








388 


BULL , JOEKES AND LOWE 


D Renal oxygen consumption 

In a number of cases the renal blood flow was estimated by the method 
involving renal vein catheterisation (p 394) The oxygen content of arterial 
and renal venous blood was estimated at the same time and from the data, 
the oxygen consumption of the Indney was calculated Table VI shows 
the findings 

TABLE VI 


Oxygen unsaturation of arterial and renal venous blood and renal oxygen consumption 
in patients suffering from acute tubular necrosis 


Patient 

Day of 
illness 

A 

Arterial 
blood 
ml per 1 

RV 

Renal vein 
blood 
ml per 1 

A-RV 

Oxygen 
consumption 
ml per mm 

89904 

29 

03 

25 4 

10 1 

2 2+ 

03943 

14 

00 

43 0 

34 

I 21 

92008 

13 

4 0 

190 

16 

2 03 

80753 

3 

13 0 

47 0 

34 

2 13 


10 

9 0 

43 3 

34 3 

0 21 

98936 

3 

9 5 

36 0 

25 5 

6 0 

Normal* 




10 8 
(0-10) 

10 3 
(0-14 2) 


* Quoted from Bradley and Halperin (4) 

Five normal subjects we have investigated gave figures withm the some range 


The figures for oxygen consumption per minute are only approximate 
because of the inaccuraoy of the renal blood flow determinations at these 
low levels However, the high renal arterio-venous oxygen differences are 
of importance (see discussion) 

E Glomerular filiation rate 

Wheie tubular disfunction exists it is impossible to guarantee that 
thiosulphate or inulin clearances necessarily represent the true glomerular 
filtration rate in that these substances may be passively reabsorbed through 
non-fimctionmg tubules However, when tubular functional recovery can 
be demonstrated, it is probable that these clearances become correct indices 
of glomerular filtration Fig 6 shows the estimates of glomerular filtration 
obtauied 

It will be seen that the thiosulphate clearances are extremely low m 
the early stages and that they mcrease m parallel with the improvement 
already shown m renal plasma flow (p C87) One case showed a significant 
fall m the glomerular filtration rate m the late follow up period 

Endogenous creatinine clearances estimated from 24 hour urine 
collections are .shown in Fig 7 

The results roughly parallel the findings from the thiosulphate clearances 
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Even if the thiosulphate and creatinine clearances are not valid indices 
of glomerular filtration, this function must be very grossly diminished 
because of the very low rates of renal blood flow 



Fig 6 Thiosulphate clearance data on patiente suffering from acute tubular neorosm 
no- 



Fig 7 Endogenous creatinine clearance data on patiente suffering from acute tubular necrosis 

P Miscellaneous observations 

In several patients, oaidiac output determinations were made and 
found to he within normal limits 

Inpatients 82663, 86349, 90610, 91794, 93106, 72969, 72174, splanchnic 
block or spinal anaesthesia faded to alter the course of the disease 

Interpretation of findings 

The observations made cover the period from the oliguric or amine 
phase until just over a year from onset Certain conclusions regarding 
function dunng this time can be drawn from the data presented No 
observations could be made in any of our cases dunng the “ onset phase ” 
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Tubule function diminishes rapidly during the first few days (approx 
5 days in a mild case and more rapidly m a severe case) of the lJhiess, 
becoming virtually absent and then gradually improving dunng the following 
weeks A point of great importance m therapy is the fact that the return 
of tubule function is delayed for days or weeks after the onset of diuresis 
As a result of this, the early diuretic phase is characterised by an outpouring 
of essential electrolytes which if not balanced by an adequate dietary intale, 
may cause the death of the patient Our demonstration of the disturbed 
tubular mechanisms is supported by the work of Burnett ei al (8) on the 
specific gravity of the unne in this condition and the dangers of the early 
diuretic phase have been previously recognised (9, 28) 

The affection of the tubule seems to be general as we have been unable 
to demonstrate any tubule mechanism which has escaped The absence 
of glycosuria m most patients does raise the possibility that the proximal 
convoluted tubule is relatively spared but other explanations of this 
phenomenon are more probable The point is to be further investigated 

Renal blood flow The observations of the renal blood flow made by 
the Pick procedure involving renal vein catheterisation are of particular 
importance Determinations made by thus method include in the estimate 
of blood flow, any blood passing through an mtra-renal shunt It can be 
confidently stated, therefore, that in the oliguric phase, the renal blood flow 
through parenchyma, including any possible shunt, is very grossly reduced 
to levels of 10% of normal or below This finding is very strong evidence 
against any significant shunt being m operation at the time Experimentally 
induced shunts in animals are associated with rates of renal blood flow of 
over 50% of normal (1, 12) The high renal arterio-venous oxygen difference 
in our cases provides further evidence against participation of a shunt of 
any magnitude Trueta e( al report that in experimentally induced shunts 
m animals, the renal vein contains “ bright red blood ” (29) 

There is, therefore, a real and gross reduction of the renal blood flow 
m the ohgunc phase and the flow tends to rise steadily thereafter About 
12 to 20 weeks after onset it is slightly below normal or occasionally normal 
In some cases there is a subsequent fall about a year later, a pomt which 
is to be further investigated 

Glomerular filtration is reduced in parallel with the reduction in renal 
blood flow but no certain conclusions can be drawn on the filtration fraction 

Sirota (27) using similar techniques to our own has made observations 
of the renal blood flow and renal oxygen consumption m patients with 
carbon tetracklonde poisoning and his findings agree with ours No other 
observations on the renal blood flow m the ohgunc or early diuretio phases 
of the illness appear to have been made previously, but the pattern of 
returning blood flow in the later phases has been reported (19, 2), with 
results similar to our own. 
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Function in the onset phase Although we were unable to make 
observations during the onset phase m our patients, the probable type of 
disturbed function at that time can be inferred from the following — 

There is ample evidence to show that traumatic, post-haemorrhagic and 
other varieties of “ shock ” in animals and man are accompamed by a gross 
diminution m renal blood flow (30, 17) “ Shock ” is a frequent accom- 

paniment of the onset phase of certain types of acute tubular necrosis, 
e g , crush syndrome, amina following concealed accidental 1 Hemorrhage and 
the “ shock kidney ” of van Slyke (30) Therefore, a primary renal ischaemia 
must exist in many cases, whioh, if the general circulation is improved by 
appropriate measures, is reversible (30) However, when this primary 
ischaemia has merged mto the secondary ischaemia of the ohgunc phase, it 
becomes refractory to all such therapy 



Fig 8 The overall pattern of disturbed renal function m acute tubular necrosis 

Betum of tubule funotion is delayed for an appreciable time after the return of 
glomerular filtration and urine flow 


Certain types of acute tubular necrosis are probably not associated 
with a primary iscbtemic phase It has been found in experimentally 
induced pigment “ nephrosis ” in animals that the renal blood flow was 
normal immediately following the injection of lnemoglobin but it fell off 
gradually during the next three hours (14) In the mildest form of mercurial 
tubular disfunotion following the injection of a therapeutic dose of an 
organic mercurial, there is no significant alteration in the renal blood flow 
or glomerular filtration rate (6) Large doses of meicury, however, lead to 
the full picture with superadded secondary lscluenna (see patients 89196, 
89964) 

The probable overall pattern of disturbed renal function in acute 
tubular necrosis is shown in Fig 8 
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Discussion 

Tlie uniform functional disturbance is paralleled by a characteristic 
histological appearance details of which will be published by Professor 
Dible This suggests that acute tubular necrosis is a reaction pattern to 
a wide variety of acute renal insults A full discussion of this concept v ould 
involve consideration of an extensive literature and will be reserved for a 
future paper We would suggest, however, that there are two main types 
of aoute tubular necrosis, one resulting from poisoning of the kidney cells 
and the other from very severe renal ischasmia In either case, once the 
condition is established, recovery is possible only by a regeneration of 
damaged tubule cells Diuresis almost always should occur if the patient 
survives the period of oliguria In one of our patients urme flow recom- 
menced as late as the 23rd day Treatment should, therefore, be directed 
towards keeping the patient alive for this period at least 

From a consideration of our findings, certain conclusions can be drawn 
regarding possible therapeutic procedures — 

1 Any general circulatory disturbance which leads to renal lschienua 
should be corrected as rapidly as possible 

2 As glomerular filtration is virtually absent in the oligunc or anunc 
phase, water, minerals and other substances cannot be excreted in the 
unne and will accumulate if fed in excess of the amounts that can be 
excreted or lost by other routes For the same reason, diuretics which act 
either osmotically or by diminishing tubular water reabsorption cannot be 
effective at this time and indeed will be harmful 

3 Once anuria or oliguria is established, splanchnic block or spinal 
anaesthesia will not alter the course of the disease 

4 In the early diuretic phase, the unne has the composition of a very 
slightly modified glomerular filtrate and minerals are lost in the mine 
regardless of body needs Therefore, during this phase, it is vital to ensure 
an intake of various ions which will balance the urinary loss The 
concentration of sodium and chlonde in unne at tins time is approximately 
half that in the blood (mean P/U ratio 2/1 see p 384) and adjustment of the 
dietary salt intake on the basis of this figure will maintain the patient in 
approximately normal salt balance No simple rule can be derived from 
the data to calculate the potassium needs of the patient m the early diuretic 
phase, but m practice we have found that patients fed on a diet largely 
composed of front from the beginning of this phase seldom develoji clinical 
evidence of disturbed potassium metabolism 

5 The early diuretic phase lasts on the average as long as the oliguric 
or anuric phase which precedes it During this whole period, accurate 
control of water and mineral intake will be necessaiy 
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Summary 

Thu fcy-three patients suffering from amnia or severe oliguria following 
the ingestion of poisons, lntra-vasoular luemofysis, shock, abortion, concealed 
accidental haemorrhage and prolonged and severe “ extra-renal ” uramia 
liave been investigated Whatever the primary cause, they ran a similar 
clinical course and showed the same disturbances of renal function The 
course can be divided into four phases 

1 Onset 2 Anunc or ohguno 

3 Early diuretic 4 Late diuretic 

No opportunity arose to study the onset phase in these patients but 
m tho other phases, tubule function, renal blood flow, renal oxygen 
consumption and glomerular filtration were studied 

Tubule damage was shown in the second and third phases by inability 
of the kidney (1) to concentrate urea and creatinine, (2) to conserve sodium, 
chloride and potassium, (3) to extract para-annno-hippurate from the blood 
and (4) to reabsorb glucose at a normal rate 

Renal blood flow, measured by para-amino-hippurate clearance, checked 
where necessary by renal vein catheterisation, was grossly reduced during 
the oliguric phase and steadily increased from then on, until it reached 
nearly normal levels in a period varying from 3 to 9 months 

Glomerular filtration, as measured by thiosulphate clearance showed 
reductions of the same order as the renal blood flow 

The renal arterio-venous oxygen differences were increased when the 
renal blood flow was low Tins and other findings excluded the presence 
of an ultra-renal shunt of any magnitude during the phases investigated 

The teim “ acute tubulai necrosis ” is used to include all the conditions 
studied and it is regarded as a reaction pattern of the kidney to a variety 
of acute renal insults Two main types, toxic and ischtennc, are distinguished 

The significance of the functional findings in relation to treatment are 
discussed 


APPENDIX 1 
Methods 

1 Urine collections are made o\cr 24 hour periods from 10 a m to 10 a m and recorded 
for the day on which collection begins Clean Winchester bottles containing about 5 ml of 
toluene are placed beneath the bed by the technician and all urine passed is immediately odded 
to the collection When urine is inad\ ertently passed with feces it. is filtered oft and added to 
the collection The full bottle is collected by the teclmieian and its contents measured No 
measurements are made by the nursing staff Tins technique was suggested to us by Prof 
Borst (3) 

2 Blood samples arc drawn m dry sterilised Byrmgcs and heparmised An aliquot is 
retained for determmation of the packed cell i olume and the remainder centrifuged lmmecfiately 
The plasma is separated immediately and used for all biochemical deferminai ions 
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3 Renal clearance techniques Samples of venous blood and unne (by urethral catheter) 
are obtained The following injections are then given — 

( 1 ) lOgms Anhydrous sodium thiosulphate, dissoh ed in 20 ml pyrogen free distilled water 
and sterdised by boding, injected intravenously, slowly or 50 ml 10% solution of 
pyrogen free inulin (Kerfoots)'injected subcutaneously into the a xilla 

(u) 1 gm Para ammo hippuric acid (PAH) as sodium salt dissoh ed in 5 ml pyrogen free 
water and sterdised by Seitz filtration or boding injected Bubcutaneously with 1-2 ml 
“ Stovaine ” or “ Percaine ” (not “Novoeaine ’ or ‘ Procaine”) 

Twenty to thirty minutes is allowed to pass for equilibrium to be established between plasma 
and extra-cellular fluid (complete equilibrium ca nn ot occur but variation greater than 10% 
m venous blood level of PAH or inulin seldom occurs over a period from 20 mins to 1 hour 
after the injection, especially where renal function is poor) The bladder is then drained of 
urine, 20 to 60 ml of sterile, distilled water and up to 200 ml of air are injected into the bladder 
and then expressed by supra pubic pressure This procedure is repeated once Immediatelj 
thereafter, unne collection is begun and continued untd at least 60 ml of urine are obtained 
The bladder is then emptied m the same way and the washings added to the unne collection 
The collection joeriod is timed to the nearest half minute, the urine measured and an aliquot is 
retained for analysis A second collection of urine is made over a further eonsecutiv e penod 
Blood samples are obtained after each bladder emptying and estimated for thiosulphate, PAH, 
urea and creatinine, along with the urme from the two collection periods By mtrapolation, 
blood levels of these substances are estimated for the “ corrected midpoint ” of each collection 
period This correction is made to allow for the time taken for urme to traverse the dead space 
of the ureters and renal pelves and is calculated as follows When the urme flow is 10 ml per 
minute, one minute is subtracted from the true midpoint When the urine flow is 6 ml per 
minute, two minutes are subtracted from the true midpoint, etc 

Clearances are calculated from the formula UY/P where U is urme concentration in mg 
per 100 ml , P is plasma concentration m mg per 100 ml and V is urme volume per minute 

( Note — Thiosulphate, PAH and endogenous creatinine clearances are expressed as clearances 
of plasma and urea clearance as of whole blood ) 

The patient is kept in bed throughout the study period and is only allowed water to drink 
for one hour before 

(а) Para amino hippurate estimations and interpretations of clearances as measuring 
effective renal plasma flow (13) 

( б ) Thiosulphate estimations and interpretation of thiosulphate clearance as measuring 
glomerular filtration rate (22) 

Modification — Urme is dduted suitably so as to have approximately the Bame 
concentration of thiosulphate as the protein free plasma filtrate and estimated in the 
same way as the filtrate 

(c) Urea estimations for clearances — urease — Nessler method (16) 

(d) Creatinine estimations (23) 

Modifications — Unne is not corrected to specific grav lty of 1 01 before making 
1/10 to 1/60 ddutions and the procedure is adapted for use of 2 ml plasma samples 

Interpretation of endogenous creatinine clearance as an approximate test of 
glomerular filtration rate (6) 

The coefficient of variation for duplicate or replicate clearances using tins technique in 
100 eonsecutiv e patients in this clinic was — 

16 4% for para ammo hippurate 
23% for thiosulphate 

4 Renal blood flow determinations tn the presence of tubular disease Where tubular 
function is deficient, the above technique is inapplicable because it depends on the assumption 
that the blood flowing through the kidney is almost completely cleared of para ammo hippurate 
However, if the extraction ratio for any substance — 

£ _ Arterial blood concentration — renal venous blood concentration jqq 
A rterial blood concentration 

is known as well as its clearance, the true renal blood flow can be calculated (31) Therefore, 
the clearance and extraction ratio of one or more of the following four substances was calculated 
simultaneously — PAH thiosulphate, creatinine and urea In the case of the exogenous 
substances PAH and thiosulphate, the dose of the substance was given not less than 60 mins 
before the start of the clearance penod This was done because, at the time the clearances 
were estimated, the urme flow was extremely low and it was necessary to allow a very long 
period for the urme to traverse the dead space of the renal pelves and ureters before commencing 
timed collections The midpoint of each clearance was calculated as before 
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During the clearance period samples of arterial blood were obtained from the brachial 
or femoral artery and simultaneous samples of renal \em blood were collected by the technique 
of renal vein catheterisation (31) Replicate samples were taken, moving the position of the 
catheter slightly in the renal vein and checking the position of the fiuoroscopio screen Due 
care was taken to discard between 5 and 10 ml of the first blood withdrawn through the catheter 
before collecting samples foi anal} sis so as to avoid dilution effects due to the dead space of the 
catheter As a further check on this the luematocnt was determined on all samples 

It will be appreciated that where thiB technique is used to determine renal blood flow, both 
parenchymal blood flow and blood flowing through other ultra renal channels or shunts will 
be included 

5 Determination of oxygen unsaturatum of blood Blood samples are collected anierobical)> 
ui oiled syringes and ana!} sed withm a two hour period The analyses are made on the Haldane 
blood gas apparatus (24) 

0 Other biochemical determinations 

(o) Chloride in plasma (20) Coefficient of variation m this clinic 2 21% 

(6) Chloride m urine (10) Coefficient of v anation m this clinio 4 2% 

(c) Urea in urme (16) Coefficient of v anation in this clinic 4 8% 

(d) Magnesium Colorimetric method of Briggs (24) 

(c) Ammonia + ammo aud nitrogen in urine — formol titiation (16) 

(/) Total plasma proteins (26) 

All other biochemical estimations quoted hav c been earned out in the routine manner m the 
Biochemistry Department by standard methods (16) and we are mdebted to Prof Plimmer and 
lus staff for the results Sodium and potassium estimations were carried out by the method 
of flame photometry (11) 

7 Balance studies Preparation weighing and calculation of oral diets according to 
standard tables of reference (20) have been earned out with the help of the dietetio staff 
Synthetic diets have been prepared with the help of the dispensary staff and calculated by 
ourselves 


APPENDIX 2 
Illustrative cases 

Patient 89664 aged 21 years, single woman a pnvate in the Auxiliary Territorial Services 
Her medical category was A 1 and she had no relevant prev ioub history 

On 6tli August, 1948, 1 uu fit of depression ’ she took an unknown quantity of mercuric 
oxide Withm a few minutes she felt faint and vomited and later complained of abdominal 
colic and diarrhoea Despite emergency treatment including gastric lav age but not administration 
of British Anti Lewisite, she became anunc and was transferred to Hammersmith Hospital 
on the Hth August. 

On admission she was a well nourished woman of medium build She had a slight fever, 
wns drowsy and unco-operative There was no evidence of over or underhydration There 
was a severe stomatitis Chvosteks sign was easily elicited and the plantar responses were 
extensor but there were no other abnormal signs in the nerv ous system The laboratory findings 
are shown in the accompanying figures, 9 and 10 

High calorie protein and mineral free feeding was commenced immediately t e , on the 
7th day of the illness Further progress can be followed on the charts Diuresis commenced 
on the 12th daj On the 16th day she became confused and developed urinary incontinence 
Her blood urea which had climbed steeply before the high calory feeding climbed more slowly, 
reaching its height on the 14th day and then fell The serum potassium fell slowly at firet and 
then more steeply after the onset of diuresis until by the 20th day it was grosslj subnormal 
This fall was accompanied by an increasing weakness and with this she dev eloped tremor, ataxia 
and dysarthria On the 24th day, after administration of 1 gm of potassium chloride ultra 
v enough, there was an immediate but slight improvement in muscular power and further increase 
in power was shown bj serial determinations of gnp strength with a dynamometer following 
the oral administration of a further 6 gms pf potassium chloride The tremor ataxia and 
dysarthria became rfiore apparent and were very gross Gradual improvement occurred over 
the next few weeks 

The drowsiness and lack of co-operation persisted until the 27th daj and on this day unnarj 
continence returned and her mental state improved 

Hypertension was ev ident from the date of admission No previous recordings of the 
blood pressure could be found in her army records but it seems improbable that she had 
hypertension preceding this illness The hypertension was sustained from the 39th da> until 
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the last observation on the 83rd day The degree and persistence of the hypertension was 
exceptional and none of our other patients with acute tubular necrosis showed more than 
transient rises m blood pressure and ei en that was not the rule The other case of mercurv 
tubular necrosis showed neither the central nen ous disturbances nor the blood pressure use 
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Fig 9 


Throughout the course of the illness the urine showed a persistent faint proteinuria and 
microscopically, small numbers of red and nucleated cells and granular caste were found 

A mild pyrexia persisted throughout the first two montlis of her illness It could not be 
accounted for on the basis of either urinary or other infection. Diarrhoea and stomatitis which 
only persisted to the 27th day, could not explain it 

The poor tubule function which persisted until well after the onset of diuresis is shown by 
the low ratios for U/P urea and FfU chloride and sodium and can be inferred also from the 
falling blood levels of sodium, chloride and potassium 

The clearance data show the disturbances in renal dynamics 


ys/t 

4m 

4j/i 



Fig 10 


Conclusion Acute toxic tubular necrosis of unusual seventy due to the ingestion of n 
mercuric salt The delayed onset of tremor, ataxia and dysarthna is of interest and was of the 
type ordtnanly seen in chronic poisonuig The time of onset coincided with the maximum 
disturbance of ion lialance 
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Patient 82563, a married woman of 30 vears, was admitted with anuria following a concealed 
accidental hremorrhagc 

In 1946 she had a miscarriage at three and a half months In March, 1940, when 30 weeks 
pregnant she developed “ toxemia with albuminuria oedema and a blood pressure of 210/130 
mmJETg The pregnancy was terminated In January 1047, alie was found to have a blood 
pressure of 130/86 mmJIjr , blood urea 31 mg per 100 ml and urrne urea concentration 3 gm9 
per 100 ml and was advised that she could become pregnant again 

She menstruated in the first week of Mav 1947 and on 11th Nov when Bhe was 30 weeks 
pregnant her blood pressure was found to be 160/105 blood urea 13 mg per 100 ml and urrne 
urea concentration 3 4 g per 100 ml with protein concentration 20 mg per 100 ml She was 
admitted to hospital where the blood pressure fell but rose again a week later and heaw albumin 
tina and oedema developed Hypertension of the order of 170/110 mm Jig, albuminuria and 
redema persisted until 21at Dec when she had a sudden onset of severe abdominal pain and 
vomiting The uterus was enlarged and tender and the fcetal heart sounds were absent Within 
twelve hours there was spontaneous labour and normal delivery' of a stillborn f fetus The 
placenta was mfarcted and there was a retroplacental clot No urrne was passed from the 
onset of the pam and no urrne was obtained on catheterisation A splanchnic block was performed 
18 hours after the onset of the pam with a fall m blood pressure from 130/100 to 54/30 romJIg 
but the blood pressure rose again in a few hours 
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On 23rd Dec she was transferred to Hammersmith Hospital as the anuria persisted On 
examination she was a well-eov ered healthy looking, intelligent woman There was no ccdema, 
increased venous pressure or other signs of water overload The blood pressure was 144/90 
mm Jig There was some bilateral renal angle tenderness and the uterus was firm, at the lev el 
of the umbilicus and not tender 

She was treated with a high calorie non protein diet and fluid intake was carefully controlled 
The subsequent course can be seen from the chart Fig 1 1 and renal function data can be seen 
in the table The blood pressure remained at 140/90 throughout her Btaj in hospital and was 
nt this level when seen as an outpatient 300 days after the onset of the anuria 

Conclusion A ease of concealed accidental hnsmorriiage complicated by anuria of five 
days duration and with a course tjqncol of acute tubular necrosis Bilateral cortical necrosis 
occurs most commonly as a complication of concealed accidental htemorrhage and in this case 
the differential diagnosis was impossible except by the subsequent course 

Patient 90510 a 24 year old married woman attempted to terminate a third month 
pregnancy with synthetic mstrogens and having failed, on 28th Aug , 1948, administered to 
herself on ultra utenne douche of soapv water This procedure was followed by faintness and 
lower abdominal colie which caused her admission to another hospital There she was given 
two pints of plasma, eorarmne, penicillin and abundant fluid to drink but she v omited copiously 
On the next day she was delivered of an imraoturc fcctus nnd as she had been nnunc from the 
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requirement for the day was gnen rntrai enously and that eiening she was stuporobe Ibis 
stupe r was re\ ersed next daj by the administration of sodium chloride and was probably the 
result of cellular o\erhydration However, on the 29th day she again became confused noisj, 
disorientated and del eloped a fine tremor of the hands with occasional twitching of large muscle 
groups At this stage an intravenous injection of magnesium sulphate produced a transient 
cessation of the twitching and a type of phasic respiration Later that night she had a fit and 
\ms sedated with sodium gardenal A supplement of potassium chloride waa added to the 
diet and from then on she lmproi ed grades fly By the 47th day when she was discharged from 
hospital she was almost back to normal health 
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Fig 13 

Conclusion Acute tubular necrosis following abortion and probably due to a combmation 
of shock and intravascular haemolysis ( cf the jaundice) The early druretio phase was complicated 
by disturbances in mineral and water balance 

Pattern 91794, a man aged 47 years On 30th Sept , 1948, he developed colicky abdominal 
pam, r omited brown and later bloody material and developed diarrhoea The 5 omiting and 
diarrhoea increased m seventy during the next two days On 2nd October his wife noticed that 
he had passed no urine during the day A doctor was called and failed to obtain any unne on 
catheterisation Vomiting and diarrhoea continued, as did the anuna and he was admitted 
to another hospital on 0th October There he was found to be hypertensive and to have a raised 
blood urea The anuna persisted On 8th October a laparotomy was performed and nothing 
abnormal found A splanchnic block was earned out 
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iicnal functional data on patient 00510 


Day after onset of anuria 

44 

84 
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Thiosulphate clearance, ml per min 
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On 9th October he was transferred to Hammersmith Hospital On examination he was a 
drowsy and uneo operative patient The blood pressure was 230/118 mm Hg The state of 
hydration was normal with no cedcma and no rise in venous pressure The skin turgor and 
eyeball tension were normal There wns no pallor or jaundice and there was a recent laparotomy 
wound with generalised abdominal tenderness For other details see Fig 14 
Blood urea G28 mg per 100 ml 

Plasma bicarbonate 81 mcq per litre 

„ potassium 6 6 m eq per litre 

„ calcium 3 2 m eq per litre 

„ phosphate 0 4 m eq per litre 

„ chloride 100 m eq per litre 

On 10th October he showed evidence of left lower lobe pneumonia and parenteral penicillin 
administration was started 
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On Iltli October lie passed over 1 litre of urine The urine urea concentration nos icr> 
Ion with n urine/blood ratio of 1 78/1 

On 12tli October while coughing he burst his abdominal wound and this was repaired His 
general condition deteriorated progressive]^ He lapsed into coma with jactitations before 
death on 14th October 
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Post mortem showed bilateral lobar pneumonic consolidation and acute tubular necrosis 
Conclusion Acute tubular necrosis probably resulting from electrolyte and water loss 
due to diarrhcea and v omiting with consequent hfcmoconcentrntion and gross compensatory 
reduction in renal blood flow Terminally this was complicated by bilateral pneumonia The 
hypertension on admission to Hammprsmith Hospital was higher than seen in the aoute renal 
failures m general but fell to lower levels before death 

Patienl 80763, a married woman aged 23 years, was admitted to Hammersmith Hospital 
on 7th February, 1949, following the onset of labour at the full term of her 2nd pregnancy 
She was delivered of a live child at 8 20 p m following a four hours labour However, she had 
a retamed placenta with a continued moderate loss of blood so that at 9 36 pun a transfusion 
of group 0 Rh negative blood was begun. Subsequently the placenta was manually removed 
under pentothal amesthesia She was returned to the ward thereafter and transfusion was 
continued At 12 30 a m on 8th February, she developed a tome spasm of the trunk and limbs 
with upward rotation of the eyes There was some frothy sputum at her bps The pulse rate 
was 80 per minute and blood pressure at this time 80/40 mm Hg The transfusion was unmedi 
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ately stopped — about 1J pints had been given Within a few minutes her condition linprm cd 
and the blood pressure rose to 110/70 mm Hg by 1 am Later that day she passed bloody 
urme and was noticed to bo slightlj jaundiced As only a few ounceB of urrne were passed 
during the first half of 8th February despite good clinical condition and adequate fluid balance, 
she was allowed to come under our care Apart from some pallor and slight jaundice there 
were no abnormal physical signs and the patient felt well She was immediately placed on 
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Fig 10 

the conservative dietarj regime (7) and continued on tube feeding for one week This was 
well tolerated and during this week there was a gradual increase in urme volume until she passed 
1 litre on the 7th day Oral feeding of a low protein diet with salt supplements was begun on 
the 8th day Relevant data are shown in the adjoining Figs 16 and 10 
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Uterine un olution occurred satisfactorily The patient remained in good eond 
throughout the illness despite the rapid rise in blood urea which was probably the resu 
protein breakdown from the uterus The incompatibility of the blood transfusion was at 
to be due to a high titre of anti A body in the donor’s plasma The patient belonged to grou 
Functional data con be seen m the figures 

Conclusion Acute tubular necrosis due to a rare type of incompatible blood transfusic 
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DISTRIBUTION OF RADIOIODIDE IN MAN 


By N B MYANT, B D CORBETT, A J HONOUR and 
E E POCEQN* 

( From (he Department of Clinical Research, University College Hospital 

Medical School ) 

When radioactive iodine is administered to man m the form of iodide, it 
becomes distributed through the tissue fluids and is progressively removed 
from the plasma by the thyroid and kidneys The course and extent of 
the thyroid and urinary accumulation have been repeatedly studied The 
present paper deals primarily until the initial distribution of radioiodide 
throughout the body, since the speed and extent of this distribution, on 
u Inch les6 information is available, influences the plasma radioiodide 
concentration and hence the rato of thyroid and renal removal of the dose 
given 

Distribution of radtoiodide through the Laly as a whole After giving 
radioiodide intravenously, the amounts taken up by the thyroid and 
concentrated in the untie have been followed m the ensuing hours and 
expressed as percentages of the dose given, by methods previously desenbed 
(4) Since radioiodide is largely excreted m the urine (8), the amount in 
the cxtrathyroid tissues can be estimated from the difference betveen the 
dose gnen and the amounts present m thyroid and urine at any time The 
dat-a in Tablo I uere obtained in 4 male and 8 female healthy medical 
students of average age 22, to u horn 35 nncrocunes of earner-free radioiodide 
had been given intravenously Blood and urine samples were obtained 
after 1, 2, 4 and 6 hours, thyroid and thigh counts being made at repeated 
intennis during this penod At six hours the average thjwoid and urinary 
contents were 25 and 30% rcspectn ely, so that the remaining tissue content 
had fallen to 3G% of the dose 

If this extrathyroid tissue content is compared with the simultaneous 
value of the plasma concentration, the extent of the radioiodide space may 
be calculated The mean plasma concentration at 6 hours nas 14% of 
the dose per litre, so that a xolume of about 25 litres would be required to 
accommodate the obsened tissue content at a concentration equal to that 
in plasnn As until other conventional diffusion spaces, it is not assumed 
that an anatomical volume of this extent is filled with fluid at uniform 
concentration 

• 1\ orh undertaken on behalf of the Medical Research Council \\c are gneatlj indebted 
to I \\ J Evans J t Fonluar, F Rvan and M E Adams for their help in this work, and 
to D R Bungharn for his stud\ of the distribution of radioiodide in erythroevtes 
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The volume so calculated will apply to iodide until appreciable amounts 
of radioiodme are discharged from the thyroid into the plasma m organic 
combination We have used a modification of Taurog and Ghaikoff’s 
butanol extraction (3) to deteot the presence of radioactive thyroxine In 
normal subjects, radioiodme has been detected in the thyroxine fraction at 
48 hours but not at 24 hours from the dose In patients with Graves’s 
disease, it has been observed at 3 hours m 2 subjects and repeatedly at 7 
hours The volume calculated should therefore measure the radioiodide 
space at least for the first 6 hours m normal subjeots and for the first hour 
in thyrotoxio patients Its value becomes uncertain after these periods m 
any case, since most of the dose is then m thyroid or unne, and the tissue 
content, as estimated by difference, is greatly influenced by small errors in 
calibration of thyroid or urinary content 



Fig 1 Volume of rachoiodide space m litres open circles, normal subjects after I V dose , 
open squares, euthyroid patients after I V dose , blaok squares, individual patients after 
IV dose black circles, patients after oral dose, crosses, patients with Graies’s disease 
Vertical ranges are those inoluded by ± 2 Standard Errors 

In Pig 1, the mean radioiodide space so calculated for the normal 
subjects is seen to increase fiom 18 litres at 1 hour to 25 litres at 6 hours 
Similar values have been obtained in patients without thyroid disease, for 
whom individual values at periods shorter than 1 hour after an intravenous 
dose are also plotted Radioiodide therefore becomes distributed in normal 
subjects through a space which increases rapidly during the first hour, and 
at a slow and probably decreasing rate m the ensuing 5 hours, during which 
reliable values may still be obtained 

In Graves’s disease, values should be reliable for the first hour at least, 
and at this time have been found to be higher than in subjects without 
thyroid disease (Fig 1), as Keating and Albert have also found (1) A small 
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component of the body iodide space will be omitted from this estimate, 
since radioiodide m a constant volume of extrathyroid neck tissues in sight 
of the counter will influence the neck count, and will be included as thyroid 
content if no correction is made An approximate correction may be applied 
to the neck counting rate to separate the effect of neck tissues from that of 
the thyroid, by subtracting from it the counting rate observed opposite 
the thigh In cases of myxcedema, or in normal subjects nothin a few minutes 
of an intravenous dose and before appreciable thyroid accumulation has 
ocourred, it is found that the neck count is about equal to the thigh count, 
with the positions and shielding used in this work When the results are 
corrected m this way, the body iodide space is increased by an average of 
1 2 litres which agrees well noth the volume calculated to be m sight of the 
counter 

Distribution of radioiodide through thigh itssues If a suitably shielded 
counter is placed m a constant position relative to the thigh, the counting 
rate should be proportional to the amount of radioiodme nothin a constant 
volume of thigh tissue, namely that from which radiations are detected by 
the counter If, therefore, this thigh counting rate is compared noth the 
simultaneous value of the plasma radioiodide, the ratio should give a measure 
of the volume of plasma, or fluid of equal radioactivity, contained in a 
sample of limb tissue of constant volume It is assumed that in such a 
structure as the thigh, the counting rate noil not be influenced appreciably 
by changes m the mean position of radioiodme atoms nothin the thigh, but 
only by their number 

When a senes of such measurements is made m a subject after an 
intravenous dose of radioiodme, the ratio of thigh count to plasma activity 
is found to increase progressively, indicating an increasing entry of radioiodme 
into the extra vascular thigh tissues It therefore becomes useful to express 
this value in absolute terms, for example, as the percentage of the thigh 
volume ocoupied by iodide m a concentration equal to that of the plasma 

This percentage cannot be measured directly since the exact \ olume and position of tissues 
‘ in view of the counter ” is difficult to determine A rough estimate can be made, however, 
of the count that would be observed if the whole thigh 101111110 were occupied by plasma, and 
the following experiment was designed to simulate this condition Long cylindrical glass vessels 
of different diameters were filled with water containing radioiodide at equal concentration in 
each vessel The counter was then placed alongside each vessel with the axes of counter and 
vessel parallel and the counter shield (4, Fig 1) touching the \essel wall This relative position 
corresponds to that used in making thigh counts when the counter shield is placed against the 
skin of the thigh In these circumstances, the counting rate for different vessels increased with 
increasing \essel diameter (Fig 2) It will be observed that for vessels of the size of a normal 
thigh, the counting rate does not vary greatly with the circumference of the vessel, a 10% 
increase in circumference being associated with a 6% increase in counting rate This model 
will only crudely simulate conditions in a tapering thigh with a centrally placed femur, and 
where the 1 avascular’' boundary is a skin layer rather than a thicker glass wall It may, 
however, allow a rough comparison to be made between thighs of different sire, and gne an 
approximate estimate of the proportion of thigh tissue through which diffusion of iodide has 
occurred In practice, the tlngh count in a standard position is related to the size of the dose 
given, and the simultaneous plasma concentration is expressed as a percentage of the dose 
per litre From the data of Fig 2, a “ thigh count ” may then be estimated corresponding 
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to a given dose, thigh size and plasma concentration, and to complete penetration of radioiodide 
throughout the thigh Comparison between observed and calculated \ allies estimates the 
percentage penetration at the time of observation 

Thigh counts were made with the leg resting horizontally on a lead sheet and placed between 
a \ertical lead sheet 16 cm high by 36 cm wide and 1 3 cm thick, and a G 10 counter The 
counter axis was parallel to the leg and 6 cm from its lateral surface, and the counter centre 
was opposite a point 16 cm above the upper border of the patella, the knee being flexed 

Normal diffusion of iodide through the thigh, as studied m this way, 
is found to progress rapidly during the first hour after an intravenous dose, 
and then more slowly for several hours (Tig 3) The extent of the diffusion 
was evaluated by this method in 12 normal subjects (Table I) and 8 patients 
at one hour after the dose, and then averaged 35% of the thigh volume 


CoouUif 

Rdt. 



Fig 2 Variation of counting rate with ciroumference of cylindrical glass vessels , counter at 
constant distance from wall, and vessels all containing fluid of equal radioiodme eoncen 
tration 

As in the whole body, the iodide diffusion volume of the tlngh was 
greater in thyrotoxic than m normal subjects We have no evidence 
whether this represents a more rapid attamment of the same diffusion 
equilibrium or whether the final iodide sjiace is increased in thyrotoxicosis 

The diffusion of iodide, as examined m the thigh, clearly does not give 
an accurate sample of diffusion through the body as a whole It may, 
however, indicate diffusion through the greater part of the body tissues 
and therefore give a close estimate of such diffusion It has, moreover, 
the advantage that it is not dependent on a difference between measurements, 
and is not sensitive to the errors which vitiate the whole-body determinations 
within a few hours of the dose It may, therefore, be continued for several 
da} s provided that accurate plasma and thigh counts are obtainable 

Diffusion of radioiodide into erythrocytes When normal blood is mixed 
with radioiodide solution m vitro and is centrifuged after 3 minutes of 
mixing, the partition of radioiodme between cells and plasma is the same 
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as after 8 hours equilibration In consequence of this rapid diffusion into 
red cells, measurements may be made on plasma separated immediately 
from freslily drawn blood, without error caused by recent passage of part 
of the blood through the thyroid gland 

The radioiodide concentration m packed cells after such mixing m 
vitro has averaged 0 66 times that of the corresponding plasma This ratio 
agrees with that for blood from patients to a horn radioiodide had been 

V, ol Tfc.ib Tfctflk lol.it Sfict 



Fig 1 Estimated radioiodide apace of thigh tissues open circles, norma] subjects , black 
circles, euthyroid patients , crosses patients with Grass’s disease Vertical ranges arc 
those included by ± Standard Errors 


administered in the preceding hours, and m whom butanol fractionation 
shoved the radioiodine to be present as iodide The mean ratio in normal 
subjects 1 hour after an intravenous dose has been 0 68 (Table I) 

The true concentration ratio is likely to be lover by a few per cent 
owing to plasma contained m the red cell mass, which vas spun off for 10 
minutes at 3,000 r p m in mde bore tubes, and then lysed in 0 03% saponin 
solution and counted in a liquid counter 

Concentration of radioiodide in alimentary secretions Schiff and others 
(7) have shown that after intravenous administration, radioiodide becomes 
highly concentrated m gastric juice and m saliva In the mived oral saliva 
of the 12 normal subjects (Table I), v e have found radioiodide concentration 
to average over 30 times those of the plasma samples taken simultaneously 
at intervals from 1 to 6 hours after an intravenous dose of earner-free 
radioiodide When average concentrations are plotted (Fig 4), the sahvarj 
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concentration xs seen to fall on a curve parallel to that for plasma concentra- 
tions, and displaced from it along the time axis by about half an hour 
The data of Fig 4, where salivary concentrations are plotted on one-thirtieth 
the scale of that for plasma, are consistent unth the hypothesis that saliva 
collected m the mouth contains radioiodide at 30 times the concentration 
of that in plasma 30 minutes previously In gastric juice collected by 
aspiration, the average concentration ratio relative to plasma in 3 patients 
was 40, high values having been recorded in one case of histamine-fast 
achlorhydria and in one subject in uhom the swallowing of saliva uas 



Fig 4 Radioiodme concentration in plasma (open circles) and sain a (black circles) after I V 
dose in 12 normal subjects (The plasma value at 4 hour is domed from a separate group 
of normal subjects ) Scale for saliva 1/30 that for plasma 


excluded A fall of radioiodide concentration parallel to that in plasma 
was observed m gastric juice as m saliva 

It is of some interest to notice the type of effect that gastric and sain ary secretion of 
radioiodide might have on the estimated radioiodide space If, for example, 10% of the dose 
were passed in this way into the stomach, at a time when plasma concentration was 6% per litre, 
the gastric contents would be represented by 2 litres of the estimated radioiodide space Suppose 
now that this material, containing 10% of the dose, was still passing down the nlimentary tract 
at a time when the plasma concentration had fallen to 2% of the dose per litre It would then 
account for 5 litres of the radioiodme space, and it is seen that the value of tins space as normally 
calculated may increase owmg to radioiodme remaining in the gut while the plasma concentration 
falls, and without any further diffusion of radioiodme taking place A similar progressive rise 
in the \ alue obtamed for the space would clearly occur also if the processes of gastric excretion 
and later re absorption of radioiodme were contmuous The progressive increase in the radio 
iodide space after one hour may be due in part to this effect, but the corresponding rise in thigh 
space shows that other factors ore also im olved 

It will also be noticed that, the faster the plasma concentration falls, the greater will he 
the rise in the estimated radioiodide space due to this effect The increased space in Graiess 
disease may be partly due to the more rapid fall of plasma concentration m these patients 
Their increased thigh space shows that other factors are again m\ol\cd 
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Diffusion of rcidtotodide into other tissue fluids A few observations 
have been made on tbe entry of radioiodide into oedema and ascitio fluid 
Radioiodide was injected intravenously into a patient m congestive cardiac 
failure, from whose legs oedema fluid was draining by Southey’s tubes at 
a rate of 30 ml per hour A senes of samples of plasma and of the issuing 
oedema fluid were obtained in the following 6 hours on two occasions The 
results (Fig 5) show that the radioiodide concentration in oedema fluid 
obtained under these circumstances approaches that of plasma m the course 
of 5 hours, and then falls as the plasma concentration falls The oedema 
fluid concentration had approached to within 75% of the plasma concen- 
tration in 3 5 and 4 0 hours m the two investigations that have been made 



Horn tine t iau 

Fig 5 Radioiodine concentration in plasma (black circles) and oedema fluid dminine by 
Southey’s tubes (open circles) after an intravenous dose in a euthyroid cardiac patient 

Similar investigations have been made by injecting radioiodide intra- 
venously during removal of ascitic fluid m two subjects The radioiodide 
concentration in the ascitic fluid again approached that of plasma, reaching 
75% of its value after 0 5 and 3 3 hours in the tivo cases (Fig 6) In both 
these instances, part of the delay in equilibration between plasma and , 
fluid must have been due to diffusion of radioiodide from capillaries into the 
bulk of the fluid concerned, vliich must in general lie at a much greater 
average distance from the nearest capillary than under physiological 
conditions It is of interest, lion ever, that the same rather slow equilibration 
is observed, as uas seen in tbe case of the radioiodide space in the body as 
a whole and m the thigh 

Discussion 

After radioiodide has been given intravenously, the plasma concentration 
falls progressively as it is removed into the thyroid, the urine, or the tissue 
radioiodide space The thyroid and renal removal differs from that into 
the tissues, however, m ho ways Firstly, both thyroid and kidneys clear 
a constant volume of plasma of its radioiodide each minute, so that their 
rates of uptake are proportional to the plasma concentration , whereas the 



DISTRIBUTION OF RADIOIODIDE. 


413 


loss to the tissues proceeds at a decreasing rate as equilibrium is approached 
Secondly, the radioiodide removed by thyroid and kidneys is withdrawn 
from communication with the plasma That in the tissue space is assumed 
to remain in communication with plasma so that its amount falls as the 
plasma concentration is lowered by thyroid and renal action, although 
radioiodide m the alimentary secretions may differ by not remaining 
continuously m such communication 

Knowing the extent of the radioiodide space, we can define the 
relationship between thyroid uptake and the filling of this space , and can 
analyse the factors which influence the plasma radioiodide concentration 



It can be shown (4) that this plasma concentration falls with time according 
to the relation 


1 dc _ g + r 1 dV 
c dt V~ + V dt 


where plasma concentration (c), radioiodide space (V) and time (t) are 
variable, while thyroid (g) and renal (r) clearances are constant This 
formula asserts that, over any short time interval, the percentage fall of 
plasma concentration is accounted for by the percentage of the current 
radioiodide space cleared by thyroid and kidneys, and the percentage increase 
m the radioiodide space itself 


The relative importance of the factors lowering plasma concentration 
in normal subjects is seen from Fig 7 Taking average normal thyroid 
and renal clearances at 25 and 32 ml /mm , (g + r) is constant at 57 ml /min 


The rate of increase 


of the radioiodide space 



hou ever, 


as measured 
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from the slope of the mean curve m Pig 1, falls rapidly in the first hour 
after an intravenous dose and then more slowly m the ensuing hours , having 
a value of 50 ml /nun at 1 hour and a less accurately determined value of 
about 15 ml /mm at 4 hours It is, however, clear that escape of radioiodide 
into the tissues will largely determine the fall of plasma concentration, and 
hence greatly influence the thyroid and renal uptake rates, during the first 
hour For several hours it will continue to be of greater importance than 
the rate of thyroid clearance This and other consequences of the distribution 
of radioiodide affect certain indirect tests of thyroid activity that have been 
proposed or used clinically It may, therefore, be useful to review the 
factois upon which such tests depend and their variability 



Fig 7 R-ate of inorea-3e of radioiodide space in euthyroid subjects derived from Fig 1 The 
effect of this increase in lowering plasma concentration equals that of the normal thyroid 
after 2| hours 


Test based on analysis of excretion rates Keating and others (2) have 
suggested that, when radioiodide reaches diffusion equilibrium through the 
tissues, the fall in plasma concentration is due to thyroid and renal removal 
only and, if the latter is known by urinary measurements, the formei may 
be inferred It is clear that such an analysis cannot safely be started within 
0 hours of the dose in normal subjects, since otherwise the continuing slov 
expansion of the radioiodide space will be reckoned as thyroid uptake 
And it is hkely that, if later urine samples only are used, the fitting of an 
exponential and linear formula may involve appreciable uncertainty m many 
cases In Graves’s disease, although the radioiodide space is greater, it is 
likely that vahd results would be obtained from an hour after an intravenous 
dose, m view of the considerable increase of the thyroid clearance rate 

The delay m attaining equilibrium in the tissue distribution of radio- 
iodide also affects the relevance of Oddie’s mathematical analysis (5) of 
radioiodine distribution His pioposals assumed distribution equilibrium 
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at zero time and so only operate from initial conditions at a Inch the tliyioid 
and urine have high radioiodme contents, and are not applicable to much 
of the uptake phase 


Evidence from total urinary excretion Since the thyroid and the kidneys 
each clear a roughly constant volume of plasma of its rndioiodide each 
minute, the thyroid and renal uptake rates should aluay r s be m proportion 
to the ratio of these clearance rates Moreover, since thyroid uptake is in 
most cases largely complete before appreciable radioiodme is discharged 
fiom the thyroid, the radioiodide contents of the thyroid and of the totnl 
urine should be in about the same ratio It uas found that, at 24 hours 
from an oral or intravenous dose, the percentage of the dose in the thyroid 
gland (G) and that in the urrne (R) v, ere related to the thyroid (g) and renal 
(r) clearances by the formula 


§ 

r 


*2 


( 2 ) 


u hero K had a mean value of 0 95 but vaned with a standard deviation of 
0 23 If R alone is measured, as in the normal clinical test based on unnary 
excretion of a test dose, certain inferences may be made as to the value 
of g, since 

g “ & 1 = If ( 10 ° - R - B > (3) 


where B is the percentage of the dose present in the extrathyroid tissues 
at 24 hours 


The thyroid clearance will correlate highly with the unnary output 
if K, B and r vary little m different subjects It is found that the greatest 
contribution to the total variance (Table II) is due to individual vanability 
of the renal clearance for iodide which, in 49 subjects without evidence of 
renal disease, has had a mean of 32 1 and a standard denation of 12 0 
ml /min 


TABLE U 


Parameter 

Mean value 

Coeff ofVar 

1 m 

Contribution to 
total variance 

% 

K 

0 96 

23 

\ 

24 

100 - R - B 

80% - R 

17 

(at R = 60%) 

13 

r 

32 ml /nun 

37 

03 


If the values of Table II are inserted, equation (3) becomes 
g=i®(80-:R)(l ± 0 47) W 

and it has been shown (6) that this curve and the associated bunts correspond 
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to the observed values when 24 hour urinary output is plotted against 
thyroid clearance The known sources of uncertainty in the urinary 
excretion test could thus account for the observed variability of its results 
and for overlap between values m thyrotoxic and normal subjects In a 
few thyrotoxic subjects, the relationship fails if by 24 hours any considerable 
output of radioiodine from the thyroid has occurred, when the extrathyroid 
radioiodme B may be great and the data from two such subjects have been 
excluded from the analysis of Table II 

Inferences as to thyroid uptake which are based solely on urinary 
output, therefore, involve an error (S D ) of at least 47% due to uncontrolled 
variables, of which the renal clearance is the most important except in cases 
with rapid thyroid output of labelled hormone In tests of thyroid function 

’//win %/an 



based on urinary output over different time periods, the influence of these 
factors will vary The variability of renal clearance must always impose 
an error of 37% (S D ) winch could be avoided by assessing thyroid function 
instead from the plasma radioiodide concentration during the corresponding 
interval 

Tests based on plasma concentration The rapid depletion of plasma 
radioiodide by an overactive thyroid is evident from the data of Fig 8 
For the first hour, the ranges of plasma concentration m normal and 
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thyrotoxic subjects overlap, presumably since nt tins time the expansion 
of tho rndioiodide space is the main factor influencing plasma concentration 
m both groups After 2 hours, values m the thyrotoxic subjects studied 
linao fallen below tho normal range except m one subject whose oral dose 
was known to be slowly absorbed from the stomach After 4 hours, normal 
values are also falling to a low figure and, if the plasma value is based snnplj 
on total radioiodine and not on rndioiodide alone, the concentrations in 
some thyrotoxic subjects are rising owing to release of radiothyroxinc It 
seems likely, therefore, that a usoful diagnostic test of untreated Graves’s 
disease could bo based on tho plasma radioiodino concentration at 2 horns 
after an intravenous dose 

The rate of fall of plasma radioiodide concentration Jatci than 12 hours 
after tho dose indicates the total clearance by thyroid and kidney, as is seen 
dV 

by equating to zero in equation (1) Tins, or the parallel fall m renal 
dt 

excretion rate, may afford a useful index of myxoedema, as Skansc (8) has 
shown, but its value will alu ays be disturbed by variabilit} 7 of the icnal 
clearance 

7'esls based on thyroid content The maximum thyroid content after a 
test dose of rndioiodide, or the content at 24 hours, have little advantage 
ovei the coi responding urinary outputs as a test of thyioid activity Since 
nt this time most of tho dose is usually shared between thjwoid and urine, 
both measures give almost the same information and have the same sources 
of variability In hypothyroidism the thyroid activity is, houeaer, more 
accurately assessed by counts over the thyroid at this period than from total 
urinar y output 

The rate with which the thyroid accumulates radioiodide in the first 
hour aftei a dose, particularly if given intravenously, gives a much better 
index of thyroid activity, since when calibrated in terms of the dose gnen 
it depends on thyroid clearance and plasma concentrations onh And it 
has been shown that tho average plasma concentration does not differ 
greatly in normal and thyrotoxic subjects during the first hour It therefore 
gives information which is inferior to the thyroid clearance onlj m ignoring 
the difference in plasma concentration 

The test may be improved in this respect if the count opposite the 
thigh is used ns a measure of plasma concentration, and this is inlid in so 
far as the “ thigh space ” is equal in different subjects at this time The 
more active the thyroid in taking up radioiodide, the greater the neck count 
becomes at 1 hour after the dose, and the less radioiodide remains in the 
rest of the body as judged by the thigh count The ratio of neck count to 
thigh count proies therefore to be a sensitive index of thyroid uptake, 
correlating closely (r — 0 04) with the thyroid clearance (G) This ratio 
nscs linearly with time in normal subjects from an initial value of about 
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unity The test has the clinical advantages that it is rapidly made, it 
requires only 10 microcunes or less of radioiodide, and tins dose need not 
be accurately standardised, since the result depends upon a ratio of counting 
rates Errors due to delay in gastric absorption are unusual if the dose is 
given orally at 3 hours after a light breakfast, but intravenous administration 
can be used to avoid this error 

Thyroid clearance determinations The tests already discussed have 
been indireot estimates of the aspect of thyroid function measured directly 
by the thyroid clearance They must therefore all involve uncertainty from 
uncontrolled factors not affecting the thyroid clearance determination, 
which is based directly on thyroid uptake at a given plasma concentration 
The thyroid clearance has been found to be more reliably and conveniently 
estimated by intravenous than by oral dosage, since the radioiodme content 
of general neok tissues is then more constant and the dose may be given at 
any time of day regardless of gastnc content We have corrected for the 
neck content in the manner described above by subtracting the value of 
the thigh count from that opposite the neck in order to estimate the activity 
due to the thyroid gland itself The thyroid clearance of 12 normal subjects 
averaged 25 ml /min (with SD 84 and S E 2 4), values in subjects without 
thyroid disease ranging from 7 to 42 ml /min , while the mtravenouB clearances 
of 12 subjects judged to have Graves’s disease ranged from 84 to 350 ml per 
minute The occasional lugh values of over 400 ml per minute observed 
by the oral method (4) have not been found, but since the cases studied by 
intravenous dosage have been more recent and investigated more for diag- 
nostic purposes in doubtful cases than as a representative survey of Graves’s 
disease, it is likely that the average value would be lower, and values of oral 
and intravenous clearances have agreed well in the few subjects in whom 
both have been determined In the whole group studied, the thyroid 
clearance has been raised from a normal value of 25 ml per minute to an 
average value of 240 ml per minute m 21 cases of Graves’s disease, with 
some selection of mild cases m this group It is clear that when the thyroid 
clearance is raised tenfold in the average case, all indireot tests of thyroid 
uptake are likely to be clearly positive When, however, the thyroid 
clearance is raised only from 25 to 100 ml per minute m mild cases, it is 
hkely that certain indirect tests may give ambiguous results, for example, 
if the raised thyroid clearance is associated with a high normal renal clearance 
so that the sharing of the dose between thyroid and kidneys hes within the 
normal range In such cases, the thyroid clearance itself, or some other 
and simpler test highly correlated with it, may be used in the diagnosis of a 
raised iodide uptake by the thyroid 

Summary 

1 After camer-free intravenous injection in man, radioiodide becomes 
distributed through IS litres or 28% of the body weight m one hour and 
through a slowly increasing volume in the following five hours 
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2 The penetration into tlugh tissues, find into enrdme cedemn fluid 
nnd ascites, is not completed within several hours, w hcrens that into 
crjihroc} tes is rapid 

3 In sain a and m gastric juice, the radioiodide concentration exceeds 
thirty times that in plasma 

4 Indirect tests of thyroid iodide uptake may be lelated to the thyroid 
clearance rate and the sources of \ariabiht} in certain such tests are defined 
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THE METABOLISM OF RADIOTHYROXINE IN MAN 


By N B MYANT and E E POCHIN * 

( From the Department of Clinical Research, University College Hospital 

Medical School ) 


Leblond (8) has shown that when small doses of labelled thyroxine are 
injected into rats, radiothyroxine is selectively concentrated in the liver 
and secreted into the bile, and radioiodide is excreted m the unne Since 
the doses used were too small to influence appreciably the total amount of 
endogenous hormone, these results may be taken to indicate the behaviour 
of the natural circulating thyroxine Similar work on normal men has not 
been published, but Keating and Albert have reported results following 
the oral administration of 1 mg doses of labelled thyroxine to 3 subjects 
with myxoedema (5) They found that thyroxine was absorbed moie 
slowly than iodide, and that about 25% of the I 131 m the dose was excreted 
in the urine as iodide by the end of 24 hours 

We have studied the fate of physiological doses of labelled thyroxine 
given intravenously and by mouth to normal humans We have also 
compared the metabolism of radiothyroxine obtained by artificial synthesis 
and by natural synthesis m the thyroid glands of subjects given I 131 as 
iodide 

Materials and Methods 

Radioactive thyroxine The labelled thyroxine was prepared by the 
lodmation of 3 5 diiodothyronme with earner-free radioiodide The 
product of tins reaction is 6hown at Fig 1 


I I 



Fig I Radioactive thyroxine labelled in 3 and 5' positions 
The thyroxine was made up m M/50 Na 2 CO, as the monosodium salt 
Each dose contained 80 micrograms of earner thyroxine, and the activity 
of the doses ranged from 15 to 25 microcunes In tv o of the eight doses 
given by injection Lthyroxme was used In the other six, and m the two 
given by mouth, tff-thyroxine was used 

* Work undertaken on behalf of the Medical Research Council We are greatly indebted 
to I W J E\ans for the chemical analyses and for most of the chromatographj We arc 
indebted to Glaxo Laboratories Ltd for supply ing us with the samples of radioactive sodium 
thyroxine 
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Estimation of radioactivity The proportion of the dose m the thyroid 
was measured with an externally placed gamma-ray counter, using a method 
previously described (10) The radioactivity present m body fluids was 
measured with a thin-walled glass counter of capacity 10 ml , giving a 
response of about 10,000 counts/minute for one microcune Radioactivity 
in the red cells was measured m 10 ml samples made from a known volume 
of cells humolysed by saponin Radioactivity m the stools was measured 
with a gamma-ray counter at a standard distance 

Analysis of samples Identification of the chemical form of the 
radioiodine was not always possible, but m some of the fluid samples ve 
determined roughly the proportions m the iodide and thyroxine fractions 
by a modification of the method of Taurog and Chaikoff The plasma 
iodine was taken up by shaking with 5 volumes of butyl alcohol, and the 
inorganic iodine removed from the butyl alcohol by 3 separate extractions 
with alkali 

The proportion m the iodide and thyroxine fractions m two of the 
samples used for making up doses was estimated by paper chromatography 
In each analysis, 0 008 ml containing added thyroxine and iodide camei 
were run on Whatman No 4 filter paper strips, using water and phenol as 
solvents In each strip, two separate areas of radioactivity were defined 
by their blackening effect on X-Ray film plates, and were shown to 
correspond with areas containing the iodide and thyroxine identified 
chemically The radioactive material from each area was washed off the 
paper and measured in the liquid counter In one sample, from which two 
of the doses were made up, 11% of the ladioactmty was due to iodide In 
the other sample, from which three doses were taken, iodide accounted for 
9% of the total * 

This method could not be used m the analysis of plasma and urine 
samples owing to their low activity 

Procedure As soon as the dose was given, measurements were made 
over the neck and thigh, and were repeated at frequent intervals for the 
first six hours Unne was collected at intervals of about half an hour for 
the first six hours, and then every few hours until the end of the experiment 
Blood samples, each of 20 ml , were taken at 16 minutes, and at 1, 2, 4 and 
6 hours At the end of the 24-hour period, a blood sample was taken and 
final measurements made over the neck and thigh In a few cases 
measurements were continued daily until the thud day 

Results of intravenous injection 

Measurements were obtamed on the thyroid, blood and urine in C 
euthyroid people In a seventh subject, plasma and unne samples only 
were measured Since there was no systematic difference between the 

* AVe are grateful to Dr J C Laidlaw for carrying out one of these analyses 
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results with dl- and Z-thyroxme (Tables II and III), the two experiments 
with Z-thyroxine are not described separately 

The change in plasma concenti ation Fig 2 shows the change m total 
plasma radioactivity during the first 24 hours Two phases in the rate of 
fall may be distinguished in the plasma radiothyroxme curves At first, 
the concentration falls rapidly to a level of about 5% of the dose per litre 
at the sixth hour Then there is a slower fall to 2 or 3 % by the 24th hour 
In the subjects on whom measurements were taken on the second and third 
days, this concenti ation was maintained 





Fig 1 Plasma radioiodine concentration Closed circles after mtra\enous sodium radio 
thyroxine , open circles after oral sodium radiothyroxine 


The proportion of the total plasma radioiodine due to thyroxine cannot 
be determined accurately by the chemical method, because of low recovery 
in the butyl alcohol extract About 28% of the total radioactivity remains 
behind in the plasma * However, in samples analysed at various time 
intervals between the 15th minute and Cth hour m 3 cases, we found that 
')0% or more of the extractable radioiodine was due to thyroxine, the 
remainder of this part being due to iodide There was no systematic 
difference between the values from the early and late samples An indirect, 
but probabh more accurate, estimate of the proportion of iodide m the total 

* TI113 low recovery has been obtained consistently when radioiodide rs added to plasma 
m vitro, and is probabh due to adsorption of iodide on to the protein precipitated at the butjl 
alcohol water interface 
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plasma radioiodme can be made from the excretion rate of radioiodide in 
the urme, and the renal iodide clearance rate Values calculated on the 
assumption that the renal clearance was 32 ml /nun (10) are given m Table I 
In the calculations of thyroxine distribution discussed below, we assume 
that 90% of the plasma radioiodme is thyroxine, and the remainder iodide 

TABLE I 


Plasma radio iodide, calculated from urinary excretion rate and renal clearance rate of iodide assumed 
to be 32 ml /minute Values expressed as % of total radioiodme in plasma ( last column in 
each period) 



1 hour 

G hours 

24 hours 

Subject 

Plasma radioiodme 

Plasma radioiodme 

Plasma radiou 

>dme 

Total 

%/i 

A8 

iodide 

%/i 

% as 

iodide 

Total 

%/l 

As 

iodide 

%/i 

% as 

iodide 

Total 

%/l 

As 

iodide 

%/i 

% as 
iodide 

1 

04 

0 1 

1 1 

7 0 

0 4 

5 7 

1 

3 8 

04 

10 5 

2 

7 3 

1 1 

15 1 

3 5 

0 3 

8 0 

20 

03 

160 

3 

10 1 

1 0 

0 0 

54 

0 7 1 

12 0 

3 0 

04 

11 1 

4* 

10 0 

1 2 

12 0 

5 1 

0 7 i 

13 4 

3 4 

04 

12 1 

r>* 

10 S 

09 

84 


0 4 

70 

3 3 

03 

0 1 

0 

00 | 

00 

0 7 


02 

4 6 

34 

02 

69 

Average 



80 

m 


8 7 



10 6 


* l thj roxme used 

Accumulation m the thyioid Fig 3 shows a typical thyroid uptake 
curve, obtained by external counting at the neck Up to the first hour the 



Fig 3 Uptake of radioiodme by the thyroid after injection of sodium radiothyroxine (subject 
4) 

amount of radioactivity in the thyroid was too small to be discriminated 
with certainty from that present in neck muscles, but thereafter there was 
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a slow and louglily constant rate of accumulation This cannot be due to 
the thyroid clearing radiothyroxme from the plasma, since the rate of uptake 
of radioiodme is independent of the plasma concentration If the radio- 
activity detectible m tho thyroid w ere duo to uptake of I 131 as radiothyroxme, 
the rate of increase should be lugli initially’-, and should fall rapidly as the 
plasma concentration falls during the first five hours Since radioiodide 
was present in the earliest urine samples obtained, we may assume that 
accumulation of iodide also is responsible for the radioactivity in the thjToid 
This assumption was tested further m one case The total radioiodme m 
the thyroid and the radioiodide in the urine w ere measured over a standard 
period from the time of injection, and the ratio of the two quantities 
calcidated This ratio was also calculated after a dose of radioiodide had 
been given several weeks later, and was found to be the same (42% going 
to the thyroid in each case) as the ratio obtained when radiothyroxme was 
injected It follows, therefore, that the thyroid and kidneys have the same 
relative avidity for iodide and the iodine accumulatmg in the thyroid after 
radiothyroxme injeotion 

Further evidence was obtained m a single patient with Graves’s disease 
in whom we measured thyroid and urine accumulation after an intravenous 
injection of radiothyroxme In this case the thyroid uptake of radioiodme 
was 4 2 times the unnary excretion, although the sum of the totals m the 
thyroid and unne (17 2% of the dose) was nothin normal limits This 
would be expected if the radioiodme were released as iodide, since it is 
known that in tins condition the thyroid has an increased avidity for iodide 

The total radioiodme m the thyroid, assumed to have been accumulated 
as iodide, is shown m Table II at the sixth and twenty-fourth hours 

Radioactivity in the urine In all cases, radioiodme was present m the 
earliest unne samples obtained, but the rate of excretion was much lower 
than the rate observed with comparable blood levels of radioiodide In all 
the subjects the rate of excretion fell steadily from the second to the 
twenty-fourth hour (Fig 4) This slow rate of fall contrasts with the rapid 
fall m the excretion rate which follows a single injection of radioiodide, and 
suggests a continuous liberation of iodide from the thyroxine The initial 
high rate dunng the first hour is probably due to iodide present in the dose 
as injected 

Although the greater part of the radioiodme in the unne is due to 
iodide, a small fraction has been found to be due to thyroxine The I 131 m 
unne samples from file subjects was analysed by butyl fractionation The 
total recovery averaged 92% of the total m the unne The proportion of 
the radioiodme in the butyl extract due to th 3 -roxme averaged 9% of the 
total recovered, the values in 1G unne samples ranging from 5 7 to 23 8% 
The remainder of the part recovered, appealing m the alkaline extract, is 
assumed to be iodide In estimating the quantity of radioiodide and 
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TABLE H 

Total radtotodmc appearing as todtde at 0 and 24 Jtours calculated from the amount tn the thyrmd 
and 01% of the amount m the unne 

Subjects 1 0 dose given intravenously 
Subjects 7 and 8 dose given by mouth 



0 hours 

24 hours 

Subject 

% 

% m 

| Total as 

% m 

% ui 

Total as 


thyroid 

urine 

iodide 

thyroid 

urine 

iodide 

1 

< 1 

1 

0 0 

\ G 5 + 

| 

2 0 

20 3 

! 

20 5 

2 

G 2 

13 0 

17 1 

10 1 

21 3 

20 G 

3 

4 0 

111 

1 

14 1 

11 0 

27 2 

36 8 

4* 

4 1 

12 4 

15 4 

12 0 

28 2 

37 0 

G* 

4G 

0 4 

13 0 

12 6 

23 G 

33 0 

0 

< 1 

7 3 

U 7 + 

G 0 

22 7 

26 7 

Av erage 



11 9 + 



30 6 

7 

2 8 

6 4 

7 7 

7 7 

192 

25 2 

8 

1 1 

G 2 

0 8 

S 0 

1G 1 

22 4 


* l thyroxine used 



Fig 4 Rate of urinary excretion of total radioiodme After injection of sodium radiothyroxine, 

continuous line , after injection of naturally synthesised rad 10 thyroxine, continuous line 
with circles , after oral sodium thyroxine, interrupted line 
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thyroxine in the urine, we lm\e assumed in each case that 9% of the total 
radioiodine was thyroxine and that the remaining 91% was iodide These 
are rough approximations based on the average values for all the samples 
It is assumed that the variations observed were randomly scattered about a 
common mean and that the partition between iodide and thyroxine m the 
unrecovered radioiodine is the same as that m the butyl alcohol extract 
This average value of 91% has been used to calculate the total radioiodidc 
excreted in the unne up to the end of the 6th and 24th hours (Table II) 

The renal clearance rate of radiothyroxine cannot be stated accurately 
because of the error m estimating absolute values for plasma and unnary 
radiothyroxine But if we assume the figure mentioned above foi unnary 
ladiothyroxme, and that 90% of the plasma radioactivity was due to 
thyroxine, then the renal clearance rate for the injected thyroxine averages 
about 0 1 ml /minute 

Release of radioiodtde It lias not been possible to calculate the total 
radioiodidc released from the thyroxine at these time intervals, because of 
the error in the estimate of plasma radioiodide and the difficult}' in correcting 
for the time between release and excretion of iodide But the sum of the 
totals m the thyroid and urine gives a minimum value (Tnble II) It will 
be seen that, on the average, about a third of the labelling iodine is released 
by 24 hours 

Entry into other tissues (1) Red cells The radioactivity m the red 
cells was measured m 21 blood samples from 4 cases The mean ratio of 
the concentration m the cells to that m the plasma was 0 25 i 0 04 There 
was no correlation between the ratio and the time interval after the injection 
This suggests that equilibrium between plasma and red cells is established 
rapidly 

(2) Faeces Faeces were collected in 3 cases up to the tlnrd or fourth 
days The total radioiodme at the end of the 3rd day is shown m Fig 5 
The radioiodme in the faeces was not analysed chemically 

(3) Concentration, in the upper abdomen In three cases, one or more 
da}s after the dose, measurements w r ere made with the external counter 
placed successively m different positions at intervals of 5 cm down the 
anterior midhne of the trunk The counting rate decreased as the counter 
was moved below the thyroid and then rose again, reaching a peak value 
at the level of the xiphistemum (Fig 6) In two cases, m whom measure- 
ments were made below this level, there was a second fall in the counting 
rate as the counter was moved below the umbilicus The nse m counting 
rate at the xiphistemum cannot be explained by the relative]} great depth 
of solid tissue w Inch the counter ‘ sees ” at this level, since it does not usually 
occur after a dose of radioiodidc at a time when the plasma radioiodidc 
concentration is still high (11) Previous reports that thyroxine is concen- 
trated selectively by the liver m animals (1, 4, 6) suggest that this maj bo 
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the site of accumulation of radiothyroxine in these cases The counting 
rate over this region cannot be expressed in terms of the proportion of the 
dose 

The radiothyroxine space The conventional “ space ” of a solute is 
derived by dividing the total amount m the body by the plasma concen- 
tration It cannot be assumed that the space calculated in this way for 

%/ 

* of Dow 
to Ffltm. 



I<ig 5 Excretion of radioiodme in the fffices after intravenous (continuous line) and oral 
(interrupted line) sodium radio thyroxine 


Cocnli/m* 



Fig 6 External counting rate at successive positions down the anterior midhne after intra 
% enous injection of sodium radiothyroxine 

radiothyroxine corresponds to an actual volume of body fluid in which 
thyroxine is evenly diffused, since ue have not measured the concentration 
in any extravascular fluid Rather, there is evidence that a small 
proportion of the dose is concentrated in the upper abdomen 
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However, the figure obtained for the rndiothyrovmc space, legnrdcd 
simply ns n ratio, gives a convenient expression for the distribution of n 
dose between the blood and the extra vasculnr tissues at tiny moment 

The amount of radiothyroxmc left in the body at any time can be 
calculated by subtracting from the dose gnen, the sum of the total excreted 



Fig 7 Continuous line, whole body space of radiothyroxmc expressed ns percentage of body 
weight , interrupted hnc, average \alues for proportional thigh space in the same subjects 

TABLE III 


Coinjuinsoii of (he distribution c f radtothyroxinc tit the ttsholc body uni the thiyh, of 1 0 and 21 
hours after intravenous injection of sodium radtothyronne 


1 


1 hour 

0 hours 

i 

i 

24 hours 

Subjei t 

Bodj 

1 Thigh 

Bod} 

Thigh 

Bod} 

Thigh 


spare 

j space 

space s 

space 

space 

space 

I 

Id 2 

! 75 

20 0 J 

14 5 

37 4 

15 0 

2 i 

13-0 

12 0 

29 0 ( 

25 0 

38 4 

20 5 

j 

13 7 

1 S-0 

24 7 

IDS 

30 0 

27 0 

4* 

11 7 

' 10 G 

18 7 

20 3 

20 7 

23 5 

5* 

12 2 

85 

23 3 

103 

35 4 

22 5 

8 

13 2 

13 Q 

20 7 

24 0 

3S4 

40 0 

Average 

n 0 

1 99 

22 8 

20 5 i 

32 0 

24 7 


Bodi space expressed as a percentage of the bodv weight 

Thigh space, proportion of a standard \ ohiirte of thigh in which radioiodine i» distributed (° 0 ) 

* l thvroxmc ured 
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and the total metabolised If it is assumed that this sum is equal to the 
total radioiodine accounted for m the urrne and thyroid, and that the whole 
of the plasma radioiodine is due to thyroxine, then the values for the 
radiothyroxme space (Fig 7) may be calculated from the data presented 
above In general, the space increases rapidly durmg the first 6 hours to 
an average value of 23% of the body weight Then there is a further slow 
rise to an average of 33% at 24 hours (Table III) 

In calculating the values for the radiothyroxme space, ve have made 
certain assumptions 

(1) The figure for the total radiothyioxme left m the body has not 
been corrected for loss in the fseces, since we do not know the time 
interval between excretion into the gut and appearance in the fseces 
However, if we assume an interval of 3 days, the values for the space 
at 6 hours would be reduced by 4 1, 3 8 and 3 7% of the body weight 
in the 3 cases in whom fsecal excretion was measured If a shorter 
time interval is assumed, then the error would be smaller 

(2) We have supposed that when the thyroxine molecule is broken 
down it releases its labelling iodine in a form which appears either m 
the thyroid or the unno We have no direct evidence that this is 
true, and it is possible that a different typo of breakdown occurs For 
example, if the part A of the molecule (Fig 1) weie released and 
remained in the body, but did not enter the thyroid, the total 
radiothyroxine in the body would be over-estimated by an amount 
equivalent to the fraction of the dose metabolised m this way However, 
it seems unlikely that a breakdown of tins sort gives rise to a large 
error, smce significant amounts of radioiodine other than iodide and 
thyroxine are not detectible m the plasma (16) 

(3) The nature of the radioiodine in the plasma has already been 
discussed, and reasons have been given for supposing that about 90% 
is due to thyroxine and that the remainder is iodide As these figures 
are approximate, it seemed preferable to calculate the thyroxine space 
on the basis of the total plasma radioaotivity and to state the error 
involved The space calculated from total plasma radioiodine (Y) will 
be intermediate between that for iodide (V T ) and that for thyroxine 
(V T ) It can be shown that if a proportion p of the total radioiodine 
is present as iodide 

v — V lP V - 2 5 

V T = = litres 

(1 — p) 0 9 

taking p as-0 10 and V! as 25 litres (10) The average value of 17 litres, 
calculated for 1 hour, therefore exceeds the true thyroxine space by 
0 9 litres 
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Distribution of radiothi/roxnic in the cxlravascidar tissue It has been 
shown that by the sixth hour, the rndiothjroxinc space is probably 
approaching a maximum value At this time, about 87% of the dose is 
still in the bod}' - , and since the plasma concentration is then onl) about 
5% of tho dose per litre, wo may assume that at least 70% of the dose is 
outside the bloodstream 

Wo have no direct evidence on the distribution of tins extm\asculnr 
portion of the dose However, estimates of the radioiodme space in the 
thigh made by a method previously described (10) show that tho proportion 
of the thigh occupied by radioiodme is comparable with the whole body 
space for radiothyroxine expressed as a fraction of tho body weight 

MlifES. 

^ y* itsndart wrfumt 
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(toon tret tot 

Fig 8 Proportion of a standard jolume of thigh m which radioiodme is distributed nfter 
mtra\ enous injection of sodium radiotliyroxme 

The values for the proportional thigh space for radioiodme are shown 
in Fig 8 It will be seen that the tlngh space increases during the same 
period as the whole body space (expressed as a percentage of the bod\ 
weight) and tends towards approximately the same maximum value at G 
hours This correspondence is shown more clearly by comparing the 
storage value for the proportional thigh space with the values for the whole 
body space (Fig 7) In Table III the values for the 2 spaces are show n for 
each individual at 1, G and 24 hours It can be seen that the proportional 
thigh space is usuallj a little lower than the whole bodj space 

Results of oral administration 

A dose of 20 microcunes of dl-thyroxme, with 80 micrograms of earner, 
was given by mouth to each of 2 euthyroid subjects 
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Plasma concentration In both cases the plasma concentration increased 
for the first 2 or 3 hours to a value of about 5% of the dose per litre, and 
then fell to about half this level by the 24th hour (Fig 2) This gradual 
nse to a maximum differs markedly from the rapid nee seen after an oral 
dose of radioiodide 

The I 131 m 3 plasma samples from case 7 was analysed for organic and 
inorganic iodine The proportion of the total radioactivity recovered m 
the butyl alcohol-averaged 81 5%, and the proportion of this faction due to 
thyroxine averaged 70 1% None of the plasma samples from case 8 was 
analysed chemically 

Accumulation m the thyroid, mine and forces A slow and roughly 
linear uptake was observed m the 2 cases The time course of accumulation 
and the values at 6 and 24 hours (Table II) did not differ appreciably from 
the uptake following intravenous injection of the dose For the reasons 
discussed above, it may be assumed, therefore, that the radioiodme entered 
the thyroid as iodide 

The rate of urinary excretion followed a similar pattern in the 2 cases, 
increasing gradually to a maximum value of about 0 02 % of the dose per 
minute and then falling continuously until the end of the 24 hour period 
(Fig 4) The total radioactivity m the urine at the 6th and 24th hours 
(Table II) and the proportion of this total radioactivity recovered as 
thyroxine were comparable with the values observed after intravenous 
injection 

Radioiodme in the faeces was measured in subject 7 up to the 3id day 
and m subject 8 up to the 24th hour (Fig 5) The data are insufficient for 
detailed comparison of the amounts excreted m the faeces after the oral and 
intravenous routes, but it appears unlikely that there is a marked difference 
between them 

Results with radiothyroxine obtained by biosynthesis 

Since a solution of sodium thyroxine may not behave identically as 
the circulating thyroid hormone, it seemed desirable to compare the fate 
of sodium thyroxine with that of a radioactive preparation of the natural 
hormone 

Plasma for injection into normal subjects was taken from 3 thyrotoxic 
patients who had been given a therapeutic dose of radioiodide 3 days 
previously Williams and others have shown that at this interval after a 
tracer dose of I 131 more than 90 % of the plasma radioactivity in thyrotoxic 
subjects is protein-bound (20), and we have confirmed this observation (II) 
The doses used m the treatment of the donor subjects did not exceed 10 mC 
but might still have caused the liberation of significant amounts of 
thyroglobulm by necrosis of thyroid cells In 2 of the plasma samples, 
therefore, we attempted to test for the presence of radioactive thyroglobulm 
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by measuring the proportion of the total radioiodme which was removed 
by a single extraction with 6 volumes of butyl alcohol This proportion 
v as compared with the proportion extracted from the plasma of thyrotoxic 
subjects given tracer doses of I 131 , at the same interval after the dose The 
values after tracer doses averaged 72 3 ± 4 3% This did not differ 
significantly from the values of 67 4 and 72 6% obtained in the blood of 
the patients given therapeutic doses Since thyroglobulm is not soluble in 
butyl alcohol, this result indicates that thyroglobulm did not constitute 
more than a small fraction of the radioiodme in the plasma after the 
therapeutic doses 

60 ml samples of blood were taken, with precautions for sterility, from 
each of 3 donors, and plasma obtained by centrifugation in hepannised 
McCartney bottles 20 ml samples were then injected into 3 euthyroid 
subjects, a small portion bemg kept for comparison with the radioactivity 
in the plasma and urine of these subjects In the first experiment, the 
plasma used for injection was kept overnight in the refrigerator, but m the 
other 2 the injection uas made within 3 J hours of drawing the blood 

In each experiment, about 2 microcunes of radioiodme were injected 
Owing to the small size of the dose, data could be obtained only by hquid 
counting methods and chemical analysis of the radioiodme m the recipients 
could not be earned out 

Plasma concentration The plasma levels differed stnkmgly from the 
values observed after intravenous injection of labelled sodium thyroxine 
(Table IV) In one case there was no significant change in the plasma 
concentration between 2 and 26 hours, and in the other 2 the fall was slight 
compared with that seen in the plasma concentration of sodium radio- 
thyroxine Thus, the average concentration of natural labelled thyroxine 
at 24 hours was 14 8% of the dose per litre compared with 3 6% per litre 
for sodium thyroxine 

The radiotliyroxine space in these subjects could not be estimated, 
smee the amount of radioiodme m the thyroid was too small to be measured 
externally However, a maximum estimate for the size of the space may 
be derived by dividing the total amount given less the fraction excreted m 
the unne, by the plasma concentration (Table V) Any correction for the 
fraction of the dose accumulated m the thyroid would reduce these figures 

It is clear that natural thyroxine leaves the circulation more slowly 
than sodium thyroxine, as given in the experiments described here (Table 
IV) 

Excretion in the urine Both the initial excretion rate of radioiodme 
and the total excreted by 24 hours were lower than the corresponding values 
for labelled sodium thyroxine (Figs 4 and 0) This difference m the amount 
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TABLE IV 


Plasma concentration after intravenous injection of naturally synthesised radiothyroxine in 3 subjects 


Subject 

Time 

%/I 

Time 

%/I 

Time 

%/i 

ft 

2 hr 10' 

10 0 ± 2 1 

4 hr 30' 

17 1 ± 20 

25 hr 

103 ± 32 

b 

* | 

2 hr 10' 

25 2 ± 2 2 



23 hr 

18 5 ± 0 75 

c 



4 hr 46' 

10 5 ± 1 8 

24 hr 

95 ± 23 


Errors gn en are standard errors of counting 


TABLE V 


Maximum estimate for size of whole body thyroxine space after injection of naturally synthesised 

radtothyroxinc 


Subject 

Time 

(hours) 

Thyroxine space* 

a 

25 

0 8 

b 

23 

0 7 

0 

24 

11 7 

Average 

84 


100 — % in urine 

* Thvroxine space ns gn en bj and expressed as a percentage of body 

plasma concentration 

weight 

ot Do u Excrtitd 



Eig 0 Excretion of rodioiodine in urine after injection of naturallj synthesised radiothyroxinc 

excreted is even more marked when the rate is related to the plasma 
concentration Thus, the renal clearance of total radioiodine average 
0 70, 0 27, and 0 36 ml /mm in these 3 experiments, compared with the 
average value of 4 3 ml /mm for the 6 subjects given labelled sodium 
thyroxine 
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The low rate of excretion of I 131 in these cases suggests that natural 
thyroxine is more stable m the body than sodium thyroxine and therefore 
liberates inorganic .iodine more slowly 

Conjugation of thyroxine to protein It is known that the circulating 
thyroid hormone is bound to the plasma proteins, and that sodium thyroxine 
becomes protein-bound when added to plasma in vitro (19) The differences 
observed between natural and synthetic radioactive thyroxine could be 
explained if injected sodium thyroxine remained freely diffusible for several 
hours before being conjugated to the plasma proteins We tested tins 
possibility by measuring the rate at which radiothyroxine becomes 
preoipitable by trichloracetic acid after addition to human plasma m vitro 

Contaminating radioiodide was removed from the radiothyroxme by 
filter paper chromatography The sample was allowed to run on the paper 
strip for 12 hours The positions of the iodide and thyroxine fractions were 
then found from an X-Ray film developed after contact with the strip 
The section of the strip containing the thyroxine was washed with M/60 
Na 2 C0 3 This solution contained about 10 uC of radiothyroxme mice 
and 0 1 c c was added to each of 4 centrifuge tubes containing 2 c c of 
plasma Two ml of 20 % trichloracetic acid were then added at 1 minute, 
16 minutes, 2 hours and 4 hours after the addition of radiothyroxme The 
supernatant solution was removed after centrifugation and the protein 
pieoipitate washed once with 6 c c of M/60 Na 2 CO, The protein precipitate 
was dissolved in N/10 NaOH Total radioiodine was then measured in the 
combmed supernatant solution and washing, and m the protein solution 
A similar series of measurements was made, using radioiodide instead of 
radiothyroxme 


TABLE VI 

Time after 
addition of 
radiothyroxme 

i 

% protein bound 
I'« of total 
recovered 

% protein bound 

I 1 * 1 after addition of 
radioiodide 

1 mm 

08 7 

34 

16 mm 

X 

OS 4 

02 

2 hr 

07 2 

11 4 

4 hr 

98 0 

43 


The results (Table VI) show that m the conditions of this experiment 
radiothyroxme is rapidly and completely bound to protein and therefore 
give no support for the hypothesis that mjected sodium thyroxine remains 
diffusible in vivo for several hours 
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Discussion 

The sodium thyroxine space The similarity between the entry of 
radioiodine into the thigh and the whole body indicates that radiothyroxme 
approaches an equilibrium in which the greater part is evenly distributed 
throughout the body The figures obtained during the first 6 hours are 
consistent with diffusion into the extracellular fluid smce the values at the 
end of this period (after correction for excretion in the fseces assumed to 
equal 10% of the dose) are about equal in range and average to the values 
reported for the inulin space (16) The continued slow increase in the size 
of the space may represent entry into the extracellular fluids However, 
in the absence of further data both these suggestions can be little more 
than speculation, and it remains possible that the increase m the size of 
the space is due to selective concentration m localised regions 

Our observation that injected sodium thyroxine leaves the bloodstream 
rapidly may appear to conflict with current opinions about the nature of 
the circulating hormone It has recently been shown (7, 16) that the 
thyroid hormone circulates as thyroxine, and not as a thyroxine peptide 
But it is known that the hormonal iodine m the plasma cannot be removed 
by dialysis and that thyroxine added to plasma becomes loosely conjugated 
to protein (19) Salter has also shown that the concentration of iodine is 
much lower in the extravasculai fluids than m the plasma, and has suggested 
that thyroid hormone leaves the bloodstream by slow leakage of albumen 
into the extracellular fluid (12) Our results with natural radiothjwoxmfe 
also indicate that the circulating hormone leaves the bloodstream more 
slowly than injected sodium thyroxine We cannot explain these dis- 
crepancies, but several possibilities may be mentioned 

The linkage between sodium thyroxine and the plasma proteins may 
differ from the linkage present m the natural hormone We have seen that 
the conjugation of sodium thyroxme to protein is very rapid, but the resulting 
protein-thyroxine complex may be less stable in vivo than the circulating 
hormone formed by natural synthesis Salter and Johnston (14) have shown 
that thyroxme added to plasma differs m certain respects from the organic 
iodine normally circulating m the blood Thus, thyroxme added to the 
plasma of myxcedematous patients is not precipitated by all those reagents 
v Inch precipitate the plasma hormonal iodine It seems clear, therefore, 
that we cannot assume that the thyroid hormone and mjected thyroxme 
circulate m the same physical state 

Differences in the amount of earner thyroxme introduced with the 
dose may account for a difference between the rates of disposal of the two 
types of radiothyroxme The thyroxme content of each 20 c c sample of 
plasma containing natural radiothyroxme would not appreciably change 
the total quantity of circulating thyroxine But the 80 micrograms given 
with each dose of sodium ladiothyroxme might increase the normal blood 
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concentration of organic iodine if distributed through a blood volume of 6 
litres Evidence mentioned later indicates that large doses of thyroxine 
are removed from the bloodstream by mechanisms which may not operate 
in natural conditions It is possible that m the experiments with sodium 
thyroxine a critical threshold is exceeded so that part of the dose is removed 
by a path not followed in physiological conditions 

Differences in the position of the labelling iodine atoms might cause 
an apparent difference m the fate of the two types of thyroxine In the 
samples of sodium thyroxine, each radioactive molecule was labelled by 2 
radioactive iodine atoms in the 3' and 5' positions But in the samples of 
naturally synthesised thyroxine, the radioactive hormone must have 
consisted largely of a mixture of molecules labelled by a single radioiodme 
atom in each of the 4 possible positions The reason for this is as follow s 
the number of I 131 atoms m the therapeutic dose is so small that 10 millicunes 
contribute only about 1 in every 10° of the lodme atoms circulating during 
the initial phase of accumulation m the thyroid The chance that any 
given precursor molecule of thyroxine will be lodinated by a radioactive 
atom is therefore about 1 in 10 B and the chance that the same molecule will 
receive 2 or more radioactive atoms is neghgible Moreover, since the gland 
must, at any moment, contain precursor molecules which have no lodme 
atoms and some which already have 1, 2 and 3 atoms of I 127 , lodination by 
radioiodme must take place at each of the 4 positions If the iodine at 3' 
and 5' positions were more rapidly detached from the molecule than at 3 
and 6 positions, then the radioiodme concentration m the plasma would 
fall more rapidly after an injection of the sodium thyroxine used m these 
experiments 

The two types of thyroxine also differed m that all except 2 of the samples of sodium 
thyroxine were racemic mixtures whereas the hiosynthesmed hormone contained only 
he\ o rotatory thyroxine However, it appears unlikely that this can account for the 
differences observed between sodium thrjoxme and natural thyroxine, since the laluea 
for the / and dl samples of sodium thyroxine were roughly similar 

Concentration in the wpjier abdomen Early work with non-radioactive 
thyroid hormone has shown that when large doses of cd-thyroxine are given 
by mouth to animals, a large proportion of the dose is re-excreted by the 
liver (I) Gross and Leblond (4) have demonstrated a similar excretion by 
the liver when radioactive thyroxine, labelled with large earner doses, is 
injected intravenously into rats With doses containing 1 mg of thyroxine, 
as much as 80% of the lodme may appear in the feces by the 24th hour 
However, later work with small doses of labelled thyroxine suggests that the 
high concentrations reported m the liver after large doses are due to an 
overflow mechanism which predominates w hen the blood level of thyroxine 
nses much above normal (8) 

The high counting rate found over the upper abdomen m the subjects 
injected with radiothyroxme is consistent with a similar concentration in 
the liver in man We have no method of calibrating the external counting 
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rate m this region m terms of the proportion of the dose present, but the 
small quantities of radioiodme recovered m the fteces suggest that only a 
small proportion of a tracer dose leaves the circulation by excretion m the 
liver It appears unlikely, therefore, that this mechanism is of much 
importance in the metabolism of circulating thyroxine m physiological 
conditions in man 

The turnover time of thyroxine Several workers have sliovn that 
exogenous thyroxine is broken down in the peripheral tissues of animals, 
with the liberation of inorganic iodine (1, 3, 21) Talirog, Charkoff and 
Entenman (17) attempted to measure the turnover time of thyroxine m 
the extrathyroid tissues of the dog, from the rate of fall of plasma radio- 
thyroxine concentration after a smgle injection of radioactive thyroid 
hormone removed from the blood of rats They concluded that the whole 
of the circulating thyroxine was renew ed from the thyroid about once every 
6 hours However, the disappearance rate of radiothyroxme in the plasma 
is not a valid measure of the overall turnover time in the periphery, and 
may be determined chiefly by the speed with which equilibrium is established 
between intravascular and extravascular thyroxine A more satisfactory 
measure of the rate at which thyroxine is metabolised could be obtained 
from the rate at which the labelling iodine is liberated 

Our measurements on the total radioiodme appealing m the thyroid 
and unne indicate that the rate of turnover of sodium thyroxine m man 
is slower than that estimated by Chaikoff et al for the dog The experiments 
with sodium thyroxine suggest that about a third of the labelling iodine is 
released by 24 hours and the experiments with natural thyroxine point to 
an even slower rate of breakdown m physiological conditions 

The existence of an iodine cycle normally occurring in man has been 
postulated on theoretical grounds (13) and it has been shovn that when 
large doses of thyroxme are given to human subjects by injection, iodide 
appears in the unne (3) Our results with tracer doses of radioactive 
thyroxine show that this type of breakdown also occurs in physiological 
conditions and must therefore be part of the normal metabolic cycle of iodine 
It is evident, also, that the iodine is liberated m tissues where it becomes 
rapidly available for re-accumulation in the thyroid and resynthesis to 
thyroxme 

Absorption from the gut Widely discrepant results have been reported 
for the efficiency of absorption from an oral dose of thyroxme m animals, 
the figures varying from 1/16 (2) to 4 (9) These discrepancies may m part 
be due to differences in the quantity of matenal used, but it is also known 
that absorption vanes with the solubility of the thyroxme preparation 
Thus, Thompson and co-workers have shown that disodium thyroxme is 
100 times, and monosodium thyroxme 30 times, as effective as crystalline 
thyroxme when given by mouth for the treatment of myxeedema (18) 
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The rate of absorption of a tracer dose of monosodium radiothyroxine 
cannot be estimated from the plasma concentration 'curves m our 
experiments, because the quantity of radioiodine m the blood at any moment 
is determined by the amount which has entered from the gut and the turn- 
over time in the circulation However, the continued lngh plasma concen- 
tration of radioiodine after an oral dose show's that absorption is slow and 
continues for several hours, since we have show'll that after a single injection, 
radiothyroxine rapidly disappears from the bloodstream 

It is impossible, with the few data available, to give more than a very 
rough estimate of the proportion of the dose finally absorbed The 
similarity between the figures for fecal excretion m subject 8 and in the G 
subjects given the dose by injection is consistent with complete absorption, 
but we cannot distinguish betweon incomplete absorption and total 
absorption with partial re-excretion Some of the absorption of radioiodine 
may occur as iodide released by digestion of thyroxine in the gut, but the 
high proportion of organic iodine m the plasma radioiodine and the low' 
total excretion of iodide m the urine followmig the oral dose show' that this 
can occur only to a small extent 


Summary 

1 When radioactive sodium thyroxine is given intravenously to normal 
humans, radioiodide is continuously released and appears in the unne and 
thyroid By 24 hours an average of 30 % of the labelling iodine accumulates 
in these tw'o sites 

2 Most of the radioiodine m the unne is duo to iodide, but about 10% 
is due to thyroxine 

3 About 10% of the radioiodine m the dose appears in the feces by 
3 days 

4 The external counting rate over the upper abdomen suggests that 
some radioiodine is concentrated m the liver 

5 The sodium thyroxine space rises rapidly to a value of 23% of the 
body u'eight by 6 hours, and then increases more slowly for the following 
18 hours The sodium thyroxine space m a standard volume of thigh is 
comparable m extent and rate of change with the whole body space 

G After oral sodium radiothyroxine, the accumulation of radioiodine 
in the thyroid, unne, and feces, and the composition of the plasma radio- 
iodine are comparable with the values obtained after injection It seems, 
therefore, that after an oral dose most of the thyroxine is absorbed as such 
from the gut 

7 Biosynthesised radiothyroxme w r as obtained from the blood of 
patients given large doses of radioiodide The fate of this matenal, when 
injected, suggests that the natural circulating hormone is more stable m the 
body and is less diffusible than sodium thyroxine 



440 


MYANT AND POGHIN 


REFERENCES 

(1) Asimoff and Estrin Zeit Ges Exp Med , 1931, 76, 399 

(2) Bailey, Bartlett and Folley Nature, 1949, 163, 800 

(3) Elmer Iodine Metabolism and Thyroid Funotion, 1938 Oxford University Press 

(4) Gross and Leblond J biol Chem , 1947, 171, 309 

(6) Keating and Albert Recent Progress m Hormone Research, Proc Laurentian Hormone 

Conf , 1949, 4, 429 

(0) Krayer Arch f Exptl Path und Pharmakol , 1028, 128, 110 

(7) Laidlaw Nature, 1940, 164, 927 

(8) Leblond Ann New York Acad Sci , 1949, 50, 444 

(9) Monroe and Turner Amer J Physiol , 1949, 156 381 

(10) Myant, Corbett, Honour and Pochin dm Sci , 1950, 9, 405 

(11) Pochin Lancet, I960, (n), 41, 83 

(12) Salter Physiol Rev , 1940, 20, 345 

(13) Salter Ann New York Acad Sci , 1949, 50, 358 

(14) Salter and Johnston J elm Endocrinol , 1949, 9, 911 

(15) Schwartz, Schaohter and Fre ineel J elm Invest, 1049, 28, 117 
(10) Tauroo and Ciiaikoff J biol Chem , 1948, 176, 639 

(17) Tauroo, Chaikoff and Entenman Endocrinol , 1947, 40, 80 

(18) Thompson, Thompson, Dickie and Alper Arch Iat Med , 1933, 52, 809 

(19) Trevorrow J biol Chem , 1939, 127, 737 

(20) Williams, Jaffe and Bernstein J clin Invest , 1949, 28, 1222 

(21) Zawadowsky and Asimoff Pfltieg Arch Physiol , 1927, 216, 05 




